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The Wild-Barfield Generated Gas and ‘Carbodrip’ 
methods of gas carburising ensure minimum carburising 
time, fastest production rates and full quality 

control. Write to us for advice on the application 

of gas carburising for your work. 


D 
BArHeLD FOR ALL HEAT TREATMENT PURPOSES 
— Backed by 40 years’ specialist experience 
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The Wild-Barfield Generated Gas and ‘Carbodrip’ 
methods of gas carburising ensure minimum carburising 
time, fastest production rates and full quality 

control. Write to us for advice on the application 

of gas carburising for your work. 


ELECTRI 
WILP 
BARHELO FOR ALL HEAT TREATMENT PURPOSES 


FURNACES Backed by 40 years’ specialist experience 





WILD-BARFIELD ELECTRIC FURNACES LIMITED 


ELECFURN WORKS, OTTERSI WAY, WATFORD BY-PASS, WATFORI HERTS TELEPHONE WATT Lines 
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The Wild-Barfield Generated Gas and ‘Carbodrip’ 
methods of gas carburising ensure minimum carburising 
time, fastest production rates and full quality 

control. Write to us for advice on the application 

of gas carburising for your work. 
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ExXeating EFrods 
for 

EXig ih. 
Temperatures 


The high reputation of SILIT Heating Rods 

for Electric Furnaces is of many years’ standing. 

They are remorkable for their limited amount of “ageing”’ 
which is amply covered by a voltage reserve t 





of only 40% for temperatures up to 1500°C. 

A salient feature of the SILIT Heating Rods is that butt joints 
between the glowing portion and the connecting ends are avoided. 
The thickened ends are formed by tightly fitting sleeves 

made of the same material as the rods. 


A wide range of Silit Rods of equal diameter throughout 
can also be supplied, diameters ranging from ~,"- 1}". 


Siemens-Schuckert 
(Great Britain) 
Ltd 





Dept. S97 
i FARADAY WORKS GREAT WEST ROAD BRENTFORD MIDDX. 
z Tel : /SLeworth 2311 Grams : Siemensdyn Brentford Telex No : 25337 
? 
: : BIRMINGHAM Tel. Midland 8636 CARDIFF Tol. Cardiff 72094 
— GLASGOW Te MANCHESTER Tel. Altrincham 2761/2 
NEWCASTLE Tel. Wallsend 623461, 624514 SHEFFIELD : Tel. 27218 


Smee'sS97 





$97 








Wi KINS g. MITCHE LE 


THE REACTRON PRESSURE 
HYDRAULIC SHEAR 


Crops shapes, fractional sizes up 
to 3° square capacity for crop- 
ping steels up to 90 tons tensile 


and non-ferrous alloys 





No loss of metal - No risk of splits or cracks, clean square 
cut - Cuts rounds, squares, hexagonal and in general convex 
sections - Simple long-life cutting tools - Hydraulic action 
with medium pressure oils give complete safety - Rapid die 
change - Minimum weight - Minimum waste - Three sizes 


of models available 


WILKINS & MITCHELL LTD. | DARLASTON | S. STAFFS | ENGLAND 


594 Cogent 
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From experience Gibbons “'H.T 1" insulating refractory is the automatic choice 
of leading furnace manufacturers and users — its combination of low thermal 
conductivity with resistance to high temperatures has proved remarkably 
effective in minimising heat losses and raising furnace outputs. The Gibbons 
“H.T 1" is developed from more than 20 years’ 


experience in the manufacture of insulating wi ‘Tes 
refractories and today an entirely new and { D D Wis it 
original manufacturing technique enables us Ul Hy 

to offer material having unique physical 


properties at a price you can afford to pay. INSULATING REFRACTORIES 


Reiractory Insulating Concrete - Concrete Aggregates - Super-Plastic Jointing Cements - Surface Coating Cements 
Gibbons (Dudley) Ltd., Dibdale Works, Dudley, Worcs. Telephone: 55/4/ 
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COINING! 
PLANISHING! 
mel ich 


se? 


to meet an 


increasing 
demand 

for closer 

tolerances Self-contained — 


No Foundation 


























Automatic Cycle— 


High Speed — 





Hydraulic Press 

*% 21 Units tange : 500 
operating in 
Midland forges alone. 


750-1000 tons 


Hydraulic Engineering 
Designs also include :— 


Heavy Duty Forging Presses for hot work up to 1500 tons 
capacity. High Speed Presses for cold flow forging up to 
1500 tons capacity. Cold Die Hobbing Presses up to 5000 tons 
capacity. Straightening and Bending Presses. Hot Plate 
plastic moulding—baling—axle and special purpose 

presses to customers’ individual specifications. Hydraulic 
Pumping Gear, accumulators and installations, etc 


HYDRAULIC 


ENGINEERING COMPANY LTD. 


WORKS AND HEAD OFFICE: TELEPHONE CHESTER 21441 (3 lines) 

LONDON OFFICE: TRAFALGAR HOUSE, WATERLOO PLACE, PALL MALL, 8.W.1. TELEPHONE: WHITEHALL 938 
MIDLAND REPRESENTATIVES: JOHN DODD & CO., 58 AVON CRESCENT. STRATFORD ON AVON 
TELEPHONE STRATFORD ON AVON 3974 
Northern Counties: JAMES FORD & PARTNERS LTD., 24 THE GROVE, GOSFORTH, NEWCASTLE-UPON-TYNE, 3 
TELEPHONE GOSFORTH 53338 & 58288 
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1000 tons 
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»0 tons 
up to 
000 tons 
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HALL 9384 
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NICKEL ALLOY STEELS 


for quiet efficiency 





Wade supercharger 









Cut-away view of Rootes 
TS}? Multi-fuel Engine 











Superchargers are widely used in oil engines for TYPICAL MECHANICAL PROPERTIES OF 
pressure charging and scavenging and are essential 








in the opposed piston type. One of the best 
known designs is the ‘Rootes-type’ supercharger, 
made in this country by Wade Engineering Ltd., 
Brighton Typicol mechanical properties of EN24q steel, exemplifying its 
Quiet operation and maximum overall efficiency versatility both as regards strength and range of serviceable section 
are required and a well-designed single helical pair sizes, are as follows: 
of gears meets these requirements. The driving 
. oe _ - adin SZE = || «0s HEAT TREATMENT = | YIELD STRESS) MaxmeuM | ELONGATION| iZoD 
gear which meshes with a bronze wheel is made ei ote | ar | fa 
from En24V steel and the drive shaft, which has a —+ ——___--____4___-____4_ a 
. 4in.dia.| Oil quenched 6 i 125 14 | 24 
serrated bore, from En100 nS ee - ; | 
Wade Superchargers are fitted on TS3 opposed Ip in.dia. | Oil quenched 850°C 7 83 is 28 
- | tempered 510 C 
piston oil engines made by the Rootes Group to | 
1g in. dia. Oil quenched 850°C 68 73 19 5S 
provide versatile and reliable power producers tempered 560 C 
needing little maintenance. 24 in. dia. | Onl quenched 840°C 57 “ 20 as 
| tempered 650 C 
By utilising the better properties obtainable in more ughly Sj in. dia. Oil quenched 830°C 50 58 9 7s 
alloyed nickel steels, dimensions can be reduced, lighter tempered C9'C 

















constructions produced, distortion through heat treatment 
mimrmused and rehability and economy acheved 


Please send for our publications entitied ‘The Mechanical Properties of 
Nickel Alloy Steels’ and ‘The Case Hardening of Nickel Alloy Steels’ 


MOND NICKEL 


a> THE MOND NICKEL COMPANY LIMITED, THAMES HOUSE, MILLBANK, LONDON, Sw! tacai/a/« 
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Do you really 
think I need 
bother about 


low 
residuals ? 


Some people do . 
in carbon steels required for certain 


high duty applications 


Residu alelements in Work ington Electric 
Arc Furnace Carbon Sr ire as follows 
R maximum 
0 “O15 
03 4 
IS > 
Ol 2 
O15 2 
i 02 o4 


inadun 
Molybdenun below “Ol 
ad be J 


WORKINGTON © branch of Tut weitto 
[WORKINGTON si 


IRON AND STEEL COMPANY Workington - Cumberland COMPANIES U'F 


w ii7 
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DRO HAMMER BOARDS 





SIZES IN STOCK TO SUIT ALL HAMMERS 
: 
‘ H.BURBIDGE & SON LID 


Repetition Wood 





Turners and Machinists 


BURNSALL ROAD-CANLEY 
CTITT COVENTRY 
a PHONE 72361-2 
Soapuanes 
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Prayshaw Furnaces installed at Messrs 
Samuel Osborn & Co. Ltd. in their 
new factory at Holbrook, Sheffield, 
which is engaged in the production of 
*‘SOCAST’ Precision Steel Castings 





Braysha FURNACES For Precision Heat Treatment 





Once again furnace design by Brayshaw is playing a vital 
part in a new industrial advance 
In the development of their ‘ SOCAST ’ Precision Steel Casting 
techniques and for the increasing production flow from their 
new factory Messrs. Samuel Osborn & Co. Ltd. have specified 
Brayshaw Furnaces. This choice demonstrates a confidence in Brayshaw 
design and manufacturing ability that is shared in increasing measure 
by forward-looking concerns the world over. 


Expert consultation on new projects, re-equipment, conversion, 
repair and general maintenance of all types of plant is immediately 
available on request, please do not hesitate to... . 


Ask BRAYSHAW the specialists in design and construction of 
internationally famous furnaces 


BRAYSHAW FURNACES 


Industrial furnaces for 
all purposes including : 


ANNEALING 
CARBURISING 
GALVANISING 
HARDENING 
FORGING 
TEMPERING 
TINNING 
MELTING, etc. 


LIMITED 


BELLE VUE WORKS, MANCHESTER, |2 Phone: East 1046 Grams Hardening, Manchester 


Sheffield office: 84 Blonk Street, Sheffield, 3 
London office: 232 Bishopsgate, E.C.2 


Phone: Sheffield 22449 
Phone: Bishopsgate 35756 














ETHER XACTROL 


Potentiometer Recording Controllers, SERIES 2000 













TYPE 2000 with on/off control 


TYPE 200! with Anticipatory control 
(1% band width) 






















COMPLETE UNIT 
MOUNTED TO SLIDE OUT 
AS ONE 


for ease of service the amplifier is a plug-in unit 


ETHER ‘XACTROL’ Potentiometer Recording Controllers 


are high-quality instruments, of the very latest design, for accurately controlling 
and measuring temperatures of -200°C up to +72,000°C. They are equally suitable 
for measuring variables, such as speed, strain, pressure, and hydrogen-ion concen- 


tration, as well as any other quantity that can be expressed as an electrical signal. 


SIMPLICITY OF DESIGN * EASIER RANGE CHANGING 


P provide EVEN HIGHER STANDARDS OF PERFORMANCE 


SALIENT * Unique Zero-load & Zero-differential control system 
FEATURES * 6 calibrated scale * Small panel cut-out 10; 9 
000 INCLUDE! * Patent Ink Cartridge * Front control-point setting 


An exclusive feature of the ETHER ‘ XACTROL’ is the 
unique ZERO-LOAD & ZERO-DIFFERENTIAL CONTROL SYSTEM 


(potent applied for) 
which totally eliminates the use of 
mechanically-operated linkages and 
snap-action switches. aiae IN Please supply, without obligation, full details of the 
ETHER *XACTROL’ mT 
e ZERO-LOAD even at control point AND 
¢ ZERO-DIFFERENTIAL apa 


| 
| 
e WIPING-ACTION, continuously- POST ADDRESS 

cleaning contacts | 


e ADJUSTABLE OVER FULL SPAN NOW Attention of 


from £125 :0:0 | Hipxpgy Soren wes revemac ene’ 


delivered REPRESENTATIVES THROUGHOUT THE U.K. 


AGENTS IN ALL PRINCIPAL COUNTRIES 





ING * GREATER ACCESSIBILITY * EASIER SERVICING & INSPECTION 
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pecial Alloy Steels 
’ for 
Dies 





- q) aa 
: = The value of the finished 
dies being cut for use 
| on this machine may be gauged 
from the fact that the Firth Browr 
nickel-chrome-molybdenum steel 


) die-blocks have an unmachined 





weight of 43 tons. 
- Firth Brown die-blocks 











forged from special alloy steels 


=v J] 


range in size from a few 





pounds weight for small dies 
for plastics to the 











really large dies shown here. 





by courtesy of is 
High Duty Alloys Limited, Slough, Bucks. 





FIRTH | BROWN 


ALLOY STEELMAKERS - PORGEMASTERS 





STEEL FOUNDERS - HEAVY ENGINEERS 


THOS. FIRTH & JOHN BROWN LIMITED SHEFFIELD - ENGLAND 


1960 
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THERES much 
MORE IN A 
METAL CUTTING OIL 
THAN MEETS THE EYE 











With two metal working oils both Jooking alike in 
colour, possessing similar viscosities, and with apparent 
equal properties you might, in fact, conclude that they 
will each give an equally good performance 

One of the oils, however, enables faster cutting speeds to 
be maintained provides better tool life ensures 
superior finish to your product; this is the oil you will want 
to use again and again, saving both time and money 
Remove the element of uncertainty when selecting your 
metal cutting oils take advantage of the ‘Vaughan 
Research Service’ plus over 60 years’ experience by 
contacting our Representative or writing to us direct, and 
thus let us prove to you there's more—much more—in a 
Vaughan Cutting Oil than meets the eye 


Vaughans market Metal Cutting 
Oils including Sulphurised and 
Sulphur Chlorinated types for 
general machining on ferrous 
metals; light-coloured low vis 
cosity oils for use on aluminium 
alloys Special oils for thread- 
grinding, broaching Soluble 
Oils, Grinding Coolants, etc., ete 
Send for brochure 














METAL CUTTING OILS 9 
aughan 


LEGGE STREET, BIRMINGHAM, 4 


Works and depots at: Birmingham, London (Southall), 
Manchester, Liverpool, Bristol, Glasgow. 


In association with the Houghton group of companies all over the world 
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FOR ALL TYPES OF FURNACE AND HEAT TREATMENT PLANT 





(GWwB) 





= 


ae, 


Batch Type Furnace installed, with slow cooling chamber at right, at Northern Aluminium Co. Ltd yr annealing 


aluminium slabs prior to cold r ne 


AIR CIRCULATING OVENS * BATCH FURNACES 

BELL TYPE FURNACES * BOGIE HEARTH FURNACES 

CHAIN AND SLAT TYPE FURNACES 

CORE TYPE INDUCTION FURNACES 

CORELESS TYPE INDUCTION FURNACES 

DIRECT ARC FURNACES * MESH BELT TYPE FURNACES 

PIT TYPE FURNACES * PUSHER TYPE FURNACES 

ROLLER HEARTH FURNACES * ROTARY HEARTH FURNACES 
SUBMERGED ARC FURNACES * VERTICAL CONVEYOR FURNACES 
WALKING BEAM FURNACES 

WIRE AND STRIP PULL THROUGH FURNACES 

PROTECTIVE ATMOSPHERE GENERATORS AND DRIERS 


G.W.B. FURNACES LTD 


P.O. Box 4 - Dibdale Works - Dudley - Worcs - Tel: Dudiey 55455 
Associated with Gibbons Bros. Lid. and Wild-Barfield Electric Furnaces Lid 


WB 254 


960 


ee es 


244 
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STANDARD 


FORGER 




















Covmac Forging Machines are made in 
nine sizes to take bars from } to 6 
ins. in diameter. Safety devices on 


all models prevent overloading. 


Covmac also make Automatic 
Forging Machines, as well as 
machines for making balls up to 
and including 4 ins. diameter. 
In addition there are 
three sizes of Hot 
Milling and Sawing 


Machines. 






3-in. machine illustrated with 


main guards removed 


COVENTRY MACHINE 


TOOL WORKS LTD. 


GRANTHAM RD., HALIFAX 
ENGLAND 


Phone: Halifax 3234-5 
BREN ROnTHS RH Grams: Covmac, Halifax 


OVERSEAS AGENTS: AUSTRALIA: Gilbert Lodge & Co. Ltd., 386 Harris Street, Ultimo, Sydney, N.'S.W. CANADA: Williams & Wilson 

Ltd.. $44 Inspector Street, Montreal. FRANCE: Societe Anonyme Alfred Herbert, | & 3 Rue du Delta, Paris (9). HOLLAND: Esmeijer & Co 

Oosterkade 24. Rotterdam, C. INDIA: Alfred Herbert (India) Ltd., 13 3 Strand Road, P.O.B. 681, Calcutta, 1. NEW ZEALAND: Gilbert 

Lodge & Co. Ltd. Head Office: 24 Gt. South Road. Newmarket, Auckland, N.Z. (P.O.B. 9194, Newmarket); also at Christchurch 

and Wellington. PAKISTAN: Guest, Keen & Nettlefolds in Pakistan Ltd., P.O.B. 819, Bank of India Buildings (3rd Floor), Bunder Road, 

Karachi. SOUTH AFRICA AND RHODESIA: Hubert Davies & Co. Lid Hudaco House, 7 Rissik Street, Johannesburg. SPAIN: Gumuzio 
S.A. Gran Via 48, Apartado 920, Bilbao 
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We 
take our own 
medicine 


Five years ago we began rebuilding the round down-draught kilns of The Morgan Crucible Co. Ltd. at Battersea 
in MI. 28—a hot-face insulating brick of low thermal capacity that was then comparatively new. The roof of 


one of these furnaces immediately after installation is shown in the first picture. 


... (MI. 28 bricks) 


... and like it 


The output of these kilns, lined with MI. 28, was considerably greater than their firebrick counterparts, 
because the low heat-storage of the lining shortened both heating and cooling periods. This, in fact, was the 
principal reason for the change-over. What we were not so sure of at that time was the life of these linings. We 
would hardly have dared to expect anything as good as we got. The second picture shows the same roof after 


five years service. So far as we can see it is good for at least another five years and probably longer. 


MORGAN 


efractories Ltd 





MORGAN REFRACTORIES LTD. NESTON, WIRRAL, CHESHIRE. TELEPHONE: NESTON 1406 


NEI60A 
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Cut very 


small pieces 







to accurate limits with the 


LAMBERTON 


AUTOMATIC 
BILLET SHEAR 










Write for further details to:- 


AU), i eleiemr a, [ei i .\, lo) me Sage) 





26 Fitzroy Square 
London W.1 


Telephone: EUSton 4651 
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“Only 2,000 ops and done for. 
You must be cracked... 


(It's all that oil and sawdust Dad 






‘4,000 ops and still 
going strong — 


5 al/ that lubrication with a 
FOLIAC Colloidal Graphite Dispersion )?* 


F ©) L I A * COLLOIDAL GRAPHITE DISPERSIONS 


GRAPHITE 
PRODUCTS 
LIMITED 


NORTHFIELOS - WANDSWORTH PARK LONDON S.WwW.18 TELEPHONE: VANdyke 6422 
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and rop 9 


G.E.C. 
FURNACES 


UP TO 3000°c 


JM FURNACES 
with VACUUM INDUSTRIAL APPLICATIONS LTI 
INDUCTION FURNACES 

association with THE BRITISH GECO ENGINEERIN 
HIGH TEMPERATURE FURNACES 


METALLWERK PLANSEE G H 
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STEN, 


REFRACTORY CONCRET 


Refractory Castables are poured and 
readily av 
pecial 


ailable are finding many app 


hapes at site 


at 











. PE THERMA MAXIMUM 
.. REFRACTORIN : HARDE? >; TEMPERATURE Ib. Cu. Fr 
. : SET TEMPERATURE OF USE 
Stein Refractory 
Concrete 
No. 13 Dry 42 Hydra 200 1350 C 120 
No. I4 Dry 50 Hydra 20 1450 C 120 
No. 16 Dry 750 Hydra 200 1607 C 160 
No. 17 Dry H a 209 C 1709 C 160 
No. {8 Dry 750 Hydras 290 1306 C 160 
cage Senos Dry HyJra 1209°C 1s00°C 180 








- . . 
Use our advisory service based on 70 years experience in the refractory field—it cam improve 
your furnace efficiency. For further information write, phone or call 


JOHN G. STEIN & CO. LTD. Bonnybridge, Scotland 


TEL: BANKNOCK 255 (4 LINES) 





Advanced techniques 


and reliable service 


have established for 


Smethwick Drop Forgings 


a fine reputation 


SMETHWICK DROP FORGINGS LTD - SMETHWICK & KIDDERMINSTER 


{Severn 
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REFRACTORY CONCRETE | 


Refractory Castables are poured and ca 
readily available are finding many applications, particular 


special shapes at site 











TYF MAXIMUM 
P+ tpl REFRACTORINI F ENING TEMPERATURE ib. Cu. Ft 
eatin 5E TEMPERATURE OF USE 
Stein Refractory 
Concrete 
No. 13 Dry 420 Hydra 200 C 1350 C 120 
No. |4 Dry 02 Hydra 200 C 1450 C 120 
No. 16 Dry 7350 hydra 200 ¢ 1609 C 160 
No. 17 Dry x7 C Hydra 209 ¢ 1709 C 160 
No. 18 Dry 7SO0 ¢ Hydra 200 C 1306 C 160 
Stein Chrome Dry 159° Hydra 1209 C 1S00°C 180 
Concrete 











— : 
Use our advisory service based om 70 years experience in the refractory field—it can improve 
your furnace efficiency. For further information write, phome or call 


JOHN G. STEIN & CO. LTD. Bonnybridge, Scotland 


TEL: BANKNOCK 255 (4 LINES) 





Advanced techn iq MOR 


and reliable service 


have established for 


Smethwick Drop Forgings 


a fine reputation 


SMETHWICK DROP FORGINGS LTD -SMETHWICK & KIDDERMINSTER 


{Severn 





metal treatment 
and Drop Forging 


26 july, 1960 





+ 


f 
PACKAGE DEAL} FOR INDUCTION HEATING 













« wage 0 ©. 








Highest conversion efficiency 
up to 86 


No expendable items 
Long reliable life 
Low running costs 


Simple rugged construction 


BIRLEFCO 





BIRLE (¢ Erc @ (MELTING) LIMITED 
Westgate ALDRIDGI . Staffordshire 


4idridge 52071 


SM BEel4 
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Metal 
treatment 


and Drop Forging 


CONTENTS 


This journal is devoted to metals—ferrous and non-ferrous—their 
manufacture, properties, heat treatment, manipulation, testing and 
protection, with. research work and development in all these fields 


Noise in industry 
Russian forging journal 


Metallurgy in nuclear power technology |. Extraction 
and fabrication of uranium Jj. C. WRIGHT, B.SC., PH.D., A.I.M. 
The metallurgy of nuclear power materials is developing on such a 
wide front and so rapidly that it is difficult for the non-specialist 
metallurgist to keep abreast with its scope. Dr. Wright outlines the 
subject in a series of articles 


A note on structures in wrought iron 
T. R. G. WILLIAMS, M.SC., A.I.M. 


S. W. HALLWOOD and 


Application of electron microscopy Is a flash butt-welded 
joint decarburized ? KOLOMAN JAN MALIK and IVAN HRIVNAK 


This article, from the Welding Institute in Bratislava, presents a 
thorough exposition of the nature of the so-called ‘ ferritic’ layer in 
flash-butt welds 


Theory and practice of hammer foundations p. R. 
HEAVISIDE, M.ENG., and J. F. WALLACE, PH.D. 
Methods used in the mounting of the anvil of a forging hammer and 


the steps taken to reduce the transmission of vibrations to the ground 
are discussed. Vibration theory is applied to the hammer and 
foundation system and comparative conclusions for spring and 
conventional foundations are drawn 
Large-scale radiograph 

Colour television 

* Fibre’ metals 

Rhenium 

Quenching aluminium sheet 
New ultra high-strength steels 
People 299 News 
Heat treating titanium 


Precision cold extrusion 
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A battery of three Wild-Barfield A.H.F. 74 kW. equipments 
issued by Lockheed Hydraulic Brake Co. at their Leamington 


WILD-BARFIELD 
A.H.F. 
equipment at 


LOCKHEED 


HYDRAULIC BRAKE CO. 


E ARri c | 1) a) Induction heating speeds production 


factory for induction soldering tanks to brake master cylinders, 
Many other industrial concerns have found that Wild-Barfield 
induction heating speeds production, saves space and offers 
savings all along the line. Our engineers will be glad to 
supply further details and explain how Wiid-Barfield A.H.F. 
equipment can help you. 








eeeeceieeeeeeeeeeeeeee ee Oe TE eS ies! 





° 
WILD-BARFIELD ELECTRIC FURNACES LIMITED 
ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS. Telephone : Watford 260 
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Noise in industry 


TV eace is something about making a loud noise which is peculiarly satisfying to 
most of us, at least, at some time in our lives. Leaving behind childhood’s simple 
experiments in noise making, we graduate as youths to the more sophisticated 
pleasures of jazz records and motor-cycles. It is hard to envisage a silent electric motor- 
cycle having any very great success. Be that as it may, there has grown up over the years 
a gradual acceptance of an ever-increasing level of noise in our cities. This has been 
implicitly tolerated as an inevitable by-product keeping pace with our increasing use of 
more and more powerful machines. It may well be, however, that we are approaching 
saturation point—certainly increasing concern is already being shown in specific instances. 
Industries depending on the use of powerful machines can no longer afford to ignore 
the subject of noise and its effects, and already results are beginning to show that the 
problem, although complex, is capable of at least some measure of solution. 


A survey of the main causes of noise in factories and available methods of reducing 
it has recently been published by the D.s.1.R. by H.M.S.0. under the title ‘ Noise in 
factories.’ This is an excellent brief survey of the subject, describing how noise is 
generated by industrial operations and the effects of noise on the factory occupants and 
on those living nearby. Methods of reducing noise and of ear protection are discussed. 


Noise caused by impact is said to be the most intense and widespread of all industrial 
noise. Common sources are hammering, riveting, chipping, pressing, tumbling, and 
weaving. Intense impact noise may also be produced by the handling of material. The 
spectrum of the noise depends on the nature and size of the object being worked as well 
as on the tool. Impact noise is usually impulsive in character, but it can be continuous 





pments as in tumbling. A secondary source of noise of this type is rattling in machinery. It may 
‘ington perhaps be some comfort to the drop forger that he is by no means the only producer of 
jinders. impact noise! Nevertheless, it must be remembered that noise is associated with 
sarfield vibration, and vibration is a form of energy loss which complicates the mounting of a 
i diiens forging hammer in order to overcome undesirable effects. The article by Mr. Heaviside 
sad to and Dr. Wallace in this issue of METAL TREATMENT is an indication of the detailed work 
AUF. which has already been done in this field. 
At the recent open days of the British Steel Castings Research Association laboratories 
in Sheffield, demonstrations of noise reductions were given. A 50°, reduction in noise 
—— level is claimed to have been obtained with a fettling bench of Bscra patent design. 
Results achieved by simple and inexpensive devices show what can be done when the 
problem is tackled at the design stage. There is no longer any excuse for installing plant 
and equipment without making use of this knowledge. Even the nuisance level of noise 
in a given location can be predicted with reasonable accuracy. Since it is also possible 
to calculate the amount of noise a factory will produce, the annoyance it will cause can 
be established before it is built. Indeed, leaving the problem of noise to take care of 


TED itself is likely to result in very expensive modifications being called for if the noise level 
nhreaty has subsequently to be reduced. 


WB 74 
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Russian forging journal 


Abstracts from the Russian forging journal — 
Kuznechno-Shtampovochnoe Proizvodstvo, fanuary, 
1960, 2. This is the second year of this journal 
devoted specifically to forging. We hope to be able 
to give indications of the contents of future numbers 
in METAL TREATMENT each month. 


Mechanization of agriculture and our tasks. 
Editorial, pp. 1-2. 

The monotonicity of plastic deformation in the 
technique of pressure working of metals. G. A. 
SMIRNOV-ALYAEV. Pp. 3-7. 

An examination is made of concepts of monotonic 
and amonotonic sequences of the process of plastic 
deformation, and of the special part which these 
phenomena play in calculations to solve by engineer- 
ing methods problems concerning the pressure 
working of metals. The introduction of the en- 
gineering methods of calculation outlined makes it 
possible to explain the conditions of deformation 
of the separate parts of a body; if these conditions 
are satisfied it is possible to establish the relations 
between the state of deformation of the particle 
and its state of stresses, i.e. the laws of plasticity 
may be applied, and all the basic parameters of the 
process may be calculated. Secondly, it provides 
the designer with a standard of assessment of the 
plastic working processes of metals, on the basis of 
the number of particles in the volume of a billet or 
body undergoing monotonic deformation during 
shaping, and makes it possible to judge the cor- 
rectness of the number of steps, of the shape of the 
tool and of the working conditions of pressure 
working. It is also shown that approximate dia- 
grams of plastic behaviour characteristics based on 
simple tensile tests may be used in such calculations. 

Scrap due to laps during the stamping of axi- 

symmetric forgings and measures for their prevention. 
O. A. GANATO and A. E. DAMMER. Pp. 7-10. 
On the basis of numerous practical experiments 
graphs have been constructed for determining the 
initial dimensions of billets to ensure optimum 
filling of the recesses of circular dies by the metal 
without the formation of laps. Practical examples 
of the calculation of billet dimensions are given. 
Apart from the avoidance of laps, there is also a 
resultant saving in metal; examples are given for 
wheel forgings. 

A new method of producing a cutting edge on agri- 
cultural machinery cutters. 1. A. NORITSYN and 
S. SH. YASHAYAEV. Pp. 10-14. 


The authors advocate cold plastic deformation 
instead of hot forging, tempering and machining. 
The theoretical and practical aspects of the process 


264 


july, 1960 


of cold pressing are described in detail, and the 
mass production technique for cultivator tines 
already in operation illustrates the practical appli- 
cation of the method. 

Stamping of conical toothed pimions on a GKA 
machine. A. D. MATVEEV, A. R. KRAUZE and M. Yt 
SAL’MAN. Pp. 14-17. 

Billets are stamped in three steps into tractor pinion 
(16 teeth, modulus along the greater generatri 
m=7, meshing angle 14° 30’). 

Progressive trends in the production of steam an 
gas turbine blade forgings. B. N. BATAGOV, V. } 
MARTYNOV and V. S. POVAROV. Pp. 17-19. 

The article describes the process on a modern cor 
tinuous forging and stamping production line i 
Russia, and outlines the production techniques fo: 
a series of turbine blades. 

The choice of the basic working parameters of forgir 
presses. NN. S. DOBRINSKII and Vv. N. KUZ’MINTSE\. 
Pp. 20-23 

Nominal specific forging pressure, P, maximum 
stroke of the moving crosshead, S, and maximur: 
height of the moving crosshead above the bas: 
plate, are considered in relation to the requirements 
for typical hydraulic press forgings. It is suggested 
that previous ideas based on the forging of carbon 
steels should be revised in the light of requirements 
for modern alloy steels, radically altering th: 
necessary stroke, for instance, and in the light of 
present-day forged and welded components. The 
parameters H and S should in general be reduced 
and P increased. 


Experience im the use of manipulators in forge 
shops. B. F. VAKHTANOV, K. K. ZORIN and B. M. 
HABKHIN. Pp. 23-27. 


Experience in the modernization of stamping and 
press forming equipment at the I.A. Likhaev Auto- 
mobile Works in Moscow. K. G. VOROB’EV AND YU. N. 
SYCHEV. Pp. 27-33. 

Ensuring the quality of forgings during the planning 
of stamping and forge shops. V.1. GOSTEV. Pp. 34-37. 

A turret delivery mechanism with individual drive. 
S. L. ZLOTNIKOV and B. G. MITNITSKII. Pp. 38-40. 

Automation of the operation of National (U.S.A.) 
horizontal forging machines. A. 1. BOICHENKO. Pp. 
40-43. 

Wedging devices for simultaneous punching of 
apertures in cylindrical components. A. N. MESNYANKIN. 
Pp. 43-45. 

Suspension-type and portable control panels for 
mechanical presses (from foreign literature sources). 
V. I. GAL’PERIN. Pp. 45-46. 

A crimping mill stand for car wheel rims. $. M. 
NEKHAI. P. 47. 
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Metallurgy in nuclear power technology 


1. Extraction and fabrication of uranium 


J. C. WRIGHT, B.Sc., Pu.D., A.1.M. 


The metallurgy of nuclear power materials is developing on such a wide front 
and so rapidly that it is difficult for the non-specialist metallurgist to keep abreast 
with its scope. Dr. Wright, Reader in Industrial Metallurgy, College of Advanced 
Technology, Birmingham, outlines the subject in a series of articles which will 
appear monthly in this journal 


ALMOST EVERY BRANCH of metallurgy has had or 
has now a share in the development of nuclear 
power production. Metals which 20 years ago 
were little more than metallurgical curiosities have 
become vitally important. These include the fissile 
metals uranium and plutonium, fissile breeding 
material such as thorium, metals with low neutron 
capture cross-sections, such as beryllium, zirconium, 
niobium, and with high neutron capture cross- 
sections, such as hafnium. The metallurgy of these 
and other metals has had to be studied intensely 
from the extraction, fabrication and physical, 
chemical and mechanical properties points of view. 
Many of the metallurgical problems have arisen 
because of the unusual behaviour of the metals used 
as nuclear fuels and their influence on their 
surroundings under working conditions. 

It is essential to make the most efficient and 
economical use of the special materials involved in 
nuclear reactors. Improved availability, extraction, 
fabrication and use of these materials is sought. 
Thus improved fabrication processes have required, 
for example, improved vacuum melting, sheathed 
metal working and powder metallurgy techniques. 
A major objective in the aim for increased efficiency 
of power production is the development of fuel 
elements which will withstand higher temperatures 
for longer times than those in current use. At the 
same time, they must not be corroded by coolants— 
which may themselves be liquid metals. The higher 
temperature ratings require improved fuel sheathing 
materials which, because of their complex require- 
ments, has involved the study of the metallurgy of 
some virtually new metals and entirely new alloys. 
In extending development beyond the capabilities 
of the pure metals, the metallurgist has turned first 


to alloys and additionally to cermets and ceramics. 

The effects of irradiation on reactor materials are 
of great importance from a design point of view, 
because all materials within the reactor screen are 
subject to a degree of irradiation which may well be 
intense. Most of the mechanical properties, such 
as stress-strain relationships, hardness, creep and 
fatigue are affected by irradiation. In addition, 
components may undergo growth, swelling, changes 
in grain size and in thermal and electrical conduc- 
tivity. To achieve long-term stability of reactor 
components under these conditions is extremely 
difficult. The working life of a reactor may well 
depend on a full knowledge of all these conditions 
and the achievement of a satisfactory compromise 
between those properties favouring high rates of 
power production and those favouring a long 
reactor life. 

Nuclear power development has in a relatively 
short time, rather less than 20 years, created a large 
new field of metallurgical studies. Development is 
still proceeding on such a wide front and so fast that 
it is difficult for the metallurgist who is not specializ- 
ing in the field to appreciate its scope let alone the 
details involved. It is the purpose of these articles 
to outline the metallurgy of nuclear power materials 
for the person who is not a specialist in the field or 
who has hitherto been interested in only an isolated 
part of it. Furthermore, this new field of metallurgy 
has naturally found its way into metallurgy lecture 
courses and examinations and at present there are 
few readily available sources of information suitable 
for general study. Specialist papers and reviews 
exist in large quantities but, to the student secking 
a general appraisal of the field, the survey of such 
material presents a formidable task. 
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EXTRACTION OF URANIUM 
Sources of uranium 

About 0-0003-0-0004°,, of the earth’s crust is 
natural uranium, an average of 3 g.ton. It is 
more plentiful than gold, platinum, silver, bis- 
muth, mercury, cadmium, and tungsten, but occurs 
in about the same sort of order as tantalum, 
molybdenum, and beryllium (see Table 1). 
TABLE 1 Abundance of some metals in the lithosphere %, 


Si 27-7 Be 0-0006 
Al 8-1 U 0-0004 
Fe 5-0 Mo 0-0002 
Na 2°8 Ta 0-0002 

K 2:6 W 00-0001 
Mg 2:1 Hg 0-00005 
Ti 0-44 Bi 0- 00002 
Mn 0-10 Cd 0-000018 
Zr 0-022 Ag 0-000002 
Cr 0-020 Pr 0- 0000005 
Ni 0-010 Au 0-0000001 
Cu 0-007 


There are many minerals in which uranium is a 
significant component. Normally it occurs in the 
hexavalent form and in other cases the tetravalent 
form. The tetravalent-form minerals are designated 
primary minerals and the hexavalent-form minerals, 
secondary. The most important primary minerals 
are pitchblende, uraninite, both sources of UO,, 
and davidite, which is a highly complex multiple 
oxide. Pitchblende has a sp.gr. of 6-4-9-7 and 
holds uranium oxide in association with Ag, Pb, 
Ni, Co and Fe, usually as sulphides, and radioactive 
radium derived from the radioactive decay of 
uranium. The more important secondary minerals 
are carnotite, autunite and torbernite. These ores 
and others are listed in Table 2. 

It is evident from Table 2 that uranium minerals 
are complex and they are variable in both chemical 
composition and physical characteristics. In some 
cases the associated minerals have sufficient value 
to make the working of the ore an economic proposi- 
tion when it would be uneconomic if worked for 
uranium alone. In vein deposits, iron, copper, 
cobalt, lead, silver, nickel and bismuth occur, 
principally as sulphides. Typical associated gangue 
minerals include many forms of silica, carbonates, 
fluorite, carbon and hydrocarbons. Quartz, calcite, 
dolomite and hematite are common. 

Important high-grade deposits of uranium are 
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scarce, but fortunately uranium normally occurs in 
association with other commercially valuable ores 
and combined extractions are feasible. The richest 
single location for uranium was the Eldorado Mine, 
Canada, on the Great Bear Lake, where pitchblende 
was sufficiently concentrated to yield an ore, 
as-mined, containing 1-06°,, U,O, and 26 ov. 
silver ton. 

With ores sufficiently rich, primary concentration 
of the uranium can be done by hand picking, but th: 
high sp.gr. of pitchblende lends itself to gravity 
concentration methods. At present, the Colorad» 
Plateau area as a whole is probably the primar’ 
producer of uranium ores yielding recently abou: 
8,000 tons U,O, year. Uranium ores are not ric): 
and a content of as little as 0-1°,, U,O, may well b: 
workable. When uranium is produced as a by 
product the economically workable content may b 
less than 0-1°;, U,O,. 

The most productive of the known uraniun 
deposits have been uraninite or pitchblende veins 
the most important being Shinkolobwe Mine 
Belgian Congo; Joachimsthal Region, Czecho 
slovakia and Germany; Eldorado Mine, Canada 
Beaverlodge Area, Saskatchewan, Canada. The 
most important secondary deposits are the carnotit« 

which generally occur in sandstones and are 

reated for both uranium and vanadium. Uranium 

is found in marine phosphate formations at low 

ntrations and may be recovered as a by- 

ict in phosphate extraction. Another major by- 

uct source is the gold mining of South Africa. 

cre the ores run less than 0-02°,, U,O, but are 

vered economically provided the gold yield 
reasonable. 


Ore dressing—general 

Uranium mineral veins are usually narrow and 
branched so that recovery is bound to include an 
appreciable amount of barren gangue. As in prac- 
tically all ore-dressing procedures, comminution of 
uranium-bearing ores is the initial operation. For 
health reasons, good ventilation over the crushing, 
screening and sampling plant is important in order 
to remove radon gas which accumulates in the rock 
due to radioactive decay. 

The primary minerals uraninite and pitchblende 
have high specific gravities and are amenable to 
concentration on jigs and tables provided the 








TABLE 2 Some important uranium-bearing minerals 

Type | Name Composition Sp. Gr. 
Oxide Uraninite-Pitchblende x UO, y UO, 6:4-9-7 

Multiple oxides Davidite (Fe, Ce, U) (Ti, Fe, V, Cr), (O, OH), 4-46 
Brannerite (U, Ca, Fe, Th, Y), Ti,O,, 4:5-5:3 
Phosphates Autunite CaO.2U0,.P,0,. 8H,O 3-0-3-2 
; Torbernite CuO0.2U0,.P,0,;. 8H,O 3-2-3-5 

Vanadate Carnotite K,0.2U0,.V,O,. 3H,O 4-1 
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mineral particles are relatively large. Reference to 
Table 2 shows that many of the uranium minerals 
have gravities too low for successful gravity con- 
centration and when gravities higher than 4-0 occur 
the minerals tend to be soft. There is, therefore, a 
tendency to form fines and slimes which are totally 
unsuitable for jigging, table or heavy media con- 
centration. Flotation is being extensively investi- 
gated as a means for concentrating uranium ores 
but has had little practical application as yet. In 
Sweden, heavy-media separation using a magnetite 
slurry is being used to separate slate (sp.gr. 2: 3-2-5) 
from limestone (sp.gr. 2-6) in processing shales for 
uranium. The magnetite is recovered by magnetic 
separators and used again. 

It is possible to use the natural radioactivity of the 
ore particles in making a selection of those that are 
radioactive and rejecting those that are not. The 
disadvantage is that each discrete ore particle must 
be presented to the geiger counter distinct from all 
other pieces. The method is, therefore, slow. Since 
the economic extraction processes involve leaching 
of the ore, concentration by mineral dressing is not 
absolutely necessary and, in general, is not yet an 
economical development. 


Leaching 


Dilute sulphuric acid is the most common leach- 
ing agent for treating uranium ores. Nitric acid is 
slightly more efficient but is more expensive. Prior 
to leaching with sulphuric acid, the ore is ground in 
water to about 0-01 in. in size. It is then thickened 
or filtered to a density of 55-60°,, solids. Hexavalent 
compounds of uranium are more soluble in water 
than tetravalent uranium, so an oxidizing agent such 
as manganese dioxide or sodium chlorate is desirable 
in the leach. With sulphuric acid, uranyl sulphate 
is formed with other complex ions. (UO,(SO,),)* 
is the major complex and (UO,(SO,),.)* a minor 
complex, but more desirable in view of its higher 
uranium content. Generally, however, uranium 
ores are too dilute to yield very much of the divalent 
complex. 

During leaching, the materials are agitated by air 
or rakes at room temperature for 24 hours. At the 
conclusion of the leaching operation, the liquor may 
or may not be separated from the insoluble residue 
depending on the nature of the subsequent treat- 
ment. Modifications involving increased pressure 
and higher temperatures speed up the leaching 
process considerably and also make it more 
selective. 

If an alkaline leaching method is used, sodium 
carbonate is the usual agent. It is selective because 
most metal carbonates are insoluble in water and do 
not form complexes. In the hexavalent state, 
uranium forms a soluble complex (UO,(CO,),)*. 
Alkaline leaching is employed where the presence of 
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carbonates in the ore would result in excessive acid 
consumption. Small quantities of sulphides help by 
converting carbonate to bicarbonate ions which are 
needed to control the pH of the solution, but exces- 
sive sulphide consumes too much carbonate and is 
avoided. If the pH value is too high, uranium 
precipitates as uranates. Secondary uranium 
minerals are easily dissolved by alkaline leaching 
but primary minerals must first be oxidized and it 
is necessary to leach for long periods at elevated 
temperatures. 

For carbonate extraction, the ore is ground in 
a 5°, carbonate solution, thickened and leached in 
Pachuca tanks or autoclaves with about 55°, solids, 
at temperatures up to 110°C. 

The two most important difficulties in acid leach- 
ing are the effect of slimes and the parasitic con- 
sumption of acid by unwanted ore constituents. The 
plant needed tends to be expensive compared with 
alkaline leaching. Acid plant requires acid-resisting 
linings such as rubber and plastic, together with 
stainless-steel fittings and filters. Additionally, pre- 
cipitation of uranium compounds from acid solution 
is more costly than from basic solutions. However, 
the acid process is simple and suited to many ores, 
so that it is used much more widely at present than 
alkaline leaching. 


Separation of uranium from leach liquors 


The older methods of uranium extraction re- 
quired that the leaching solution should be separated 
from the barren tailings before the uranium could 
be released from solution, but the newer solvent 
extraction and ion-exchange resin processes do not. 
When separation is required the pulp is treated with 
flocculating agents, thickened and filtered. Whether 
the clear solution is acid or alkaline the pH may be 
suitably adjusted and the uranium precipitated as 
phosphate, arsenate, fluoride, oxide or uranate. The 
precipitate should contain all of the uranium but 
will not usually exceed 70-80°,, purity with respect 
to the uranium compound so it will require refining. 

Uranium can be removed from clear acid or 
alkaline leach liquors by anion exchange resins. The 
liquor is passed through a column of resin until 
uranium is detected in the effluent, indicating that 
the column is virtually saturated. The column is 
then rinsed with water which removes traces of leach 
liquor and soluble impurities but not uranium. The 
uranium is then eluted with a chloride or nitrate 
solution; it may then be precipitated with an 
alkaline agent. The precipitate is filtered, dried 
and calcined to yield normally 80°,, U,O,. The 
extraction efficiency is usually 98°,, and the process 
is capable of semi-continuous operation as described 
later under processing of gold ores for uranium. 
Because vanadium is held more strongly than 
uranium to the resin, a series of columns can be used 
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to achieve separation of uranium and vanadium and 
their separate recovery. 

Organic solvents may also be used to separate 
uranium from clear leach liquors. This is the 
process used in extracting uranium as a by-product 
in the phosphate fertilizer industry. The leach 
liquor is treated with a 1-2°/, solution of alkyl 
phosphate, such as octyl pyrophosphoric acid or 
di-decyl phosphoric acid, in kerosene as a carrier. 
The uranium is recovered from the organic solvent 
by precipitation with 48°,, HF after the phases have 
been separated; the organic solvent is then re- 
circulated. Hydrochloric acid may also be used as a 
stripping agent, in which case the solution obtained 
is evaporated down, diluted with water and treated 
with ammonia to precipitate ammonium diuranate 
which is then filtered, washed, dried and calcined. 

More recent developments have led to the 
elimination of thickening and filtering by applying 
resin extraction and solvent extraction directly 
to the pulp. The resin-in-pulp (R.ILP.) and 
solvent-in-pulp (S.I.P.) processes do not differ 
fundamentally from the processes applied to the 
clear liquors. 

The main modification is in the form of the 
resin. Normal ion-exchange columns would be- 
come choked with pulp solids, so the resin is used 
in the form of beads agitated in baskets whose mesh 
is small enough to retain the beads but large enough 
to pass the pulp without serious obstruction. When 
the resin is fully loaded with uranium salts, the 
baskets may be lifted from the pulp stream, washed 
and the exchanged material recovered by agitation 
of the basket in the eluant. 


Purification of crude uranium compounds 


The precipitated uranium compounds contain up 
to about 80°,, U,O, equivalent and may be basically, 
ammonium diuranate, sodium diuranate, uranium 
oxides, uranium fluoride, arsenate or phosphate. 
This material is dissolved in nitric acid to form 
urany] nitrate which is soluble in ether. To part the 
uranyl nitrate completely in the ether phase the 
solution may be evaporated or treated with excess 
nitrate ions. The impurities remain in the aqueous 
solution. The ether layer is washed with a small 
amount of demineralized water and then the uranyl 
nitrate is extracted by treating the ether layer with a 
large volume of cold demineralized water. The 
aqueous solution is treated withammonia or H,O, 
to precipitate either ammonium diuranate or 
uranium peroxide. The product is filtered and 
dried. Drying and mild calcining results in UO, 
which is later reduced to UO, (by hydrogen at 
600°C. for example) prior to conversion to the 
halide. 

Fluorination of UO, may be with either anhydrous 
hydrofluoric acid gas to UF, or with ammonium 
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bifluoride, NH,HF,, which is an easily-handled 
white solid. 
150 
2U0, + - 2NH,UF, - 
+ 4H,O. 


The NH,UF, is decomposed at 450°C. to yield 
UF, and NH,F. The ammonium fluoride distils 
off because the reaction is carried out under 
vacuum. The UF, is suitable for producing 
uranium metal. If isotope separation is required, 
the UF, is converted to UF, by treatment with 
fluorine gas. 


PRODUCTION OF URANIUM METAL 


Reduction processes for uranium extraction are 
difficult, mainly because uranium compounds are 
very stable. Uranium is highly reactive towards 
most substances, particularly at elevated tempera- 
tures, and contamination by the atmosphere or by 
reaction with containers occurs readily unless 
adequate precautions are taken. Liners of inert 
materials such as lime or magnesia are necessary to 
minimize contamination from this source. Uranium 
also reacts with oxygen and nitrogen so a protective 
atmosphere of helium or argon or a good vacuum is 
also necessary during reduction. The possible 
methods of preparing uranium may be con- 
veniently grouped into the following: 

1. Reduction of uranium oxides with metals, 

carbon or hydrogen. 

2. Reduction of uranium halides with metals or 

hydrogen. 

3. Decomposition of halides. 

4. Fused salt electrolysis. 


Oxides 

With regard to oxide reduction, practically and 
theoretically, UO, seems to be the most suitable 
oxide for reduction either by calcium or magnesium. 
The heat balance of the calcium reduction process is 
such that liquid uranium will be the end-product in 
solid lime. In the magnesium reaction the tempera- 
ture must be kept below 1,250°C. because slightly 
above this temperature the reaction reverses. Also, 
since magnesium boils at about 1,120°C., operating 
much above this temperature causes high pressures 
of magnesium vapour to be developed. On the 
other hand, the reaction should run at a temperature 
above the melting point of uranium (1,130°C.) so 
that the uranium particles can agglomerate as much 
as possible. 

Reaction containers must be compatible with 
molten uranium and either calcium or magnesium 
at 1,200-1,600°C. The only obvious materials 
appear to be lime for calcium reduction and either 
lime or magnesia or electrically fused dolomite for 
the magnesium reduction. 

The reactivity of uranium is an important factor 
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1 Constitutional diagram for the wuranium-aluminium 


system (USAEC Report, BM1/1,000 


in separating the reaction products. Mechanical 
methods of separation have an obvious advantage in 
this respect while leaching methods must not 
attack the uranium, which will be finely divided. 

Carbon reduction is unfavourable thermody- 
namically except at very high temperatures (over 
2,300°C.; but, because one of the products of the 
reaction, UO, + 2C = U + 2CO, is gaseous, the 
equilibrium can be shifted to the right by carrying 
out the process in vacuo. Even so, very high tem- 
peratures would still be needed to enable the CO to 
be pumped off sufficiently rapidly using conven- 
tional pumps without reversing the reduction. 

A variation using uranium carbide as the reducing 
agent is more promising. UO, and UC are reacted 
together using arc melting to obtain the necessary 
high temperature but there is difficulty in preventing 
contamination of the uranium with carbon and 
oxygen. 

Aluminium as a reducing agent is not feasible 
because uranium and aluminium form a series of 
stable intermetallic compounds (fig. 1) and also 
high-temperature formed Al,O, is insoluble in acids. 


Halides 

Of the fluorides of uranium, UF, is almost in- 
variably used, since it is the easiest to prepare, the 
most stable to handle and has the most suitable 
heats of reduction. Both calcium and magnesium 
will reduce uranium fluorides to metal at reasonable 
operating temperatures. For the Ca-UF, reaction 
even when fired from cold, the temperature attained 
is sufficient to hold the uranium and the slag well 
above their melting points, but for efficient metal 


slag separation using Mg-UF,, the reactants must 


be heated. 
Containers for the UF ,-Ca reaction are restricted 
generally to calcium fluoride because resistance to 
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2 Uranium-reduction bomb 


molten uranium, calcium and calcium fluoride is 
required at 1,500°C. and under conditions of 
thermal shock. The calcium fluoride will be molten 
during the reaction, so a thick lining is used so that 
the crust will remain solid. 

The Mg-UF, reaction presents an easier problem, 
because of lower temperatures, and rammed linings 
of a physically inert oxide (such as electrically fused 
dolomite) might be suitable (fig. 2). 

Sodium is, theoretically, a satisfactory reduction 
agent for UF, but practical difficulties have made 
it unattractive. The boiling point of sodium is 
880°C., well below the melting point of uranium, so 
reduction would take place under a high pressure of 
sodium vapour. 

The chlorides, bromides and iodides of uranium 
are less attractive than UF, because they are to 
some degree unstable in air, deliquescent and easily 
hydrolysed. UCI, is also rather volatile (b.pt. 
790°C.). 


Decomposition of halides—the iodide process 

Unlike the UF, and UCI,, which disproportionate 
when heated in vacuum, the uranium iodides de- 
compose into their constituent elements on heating. 
This behaviour is characteristic of the iodides of 
many metals and the preparation of pure metals by 
thermal decomposition of their iodides is well 
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to achieve separation of uranium and vanadium and 
their separate recovery. 

Organic solvents may also be used to separate 
uranium from clear leach liquors. This is the 
process used in extracting uranium as a by-product 
in the phosphate fertilizer industry. The leach 
liquor is treated with a 1-2°/, solution of alkyl 
phosphate, such as octyl pyrophosphoric acid or 
di-decyl phosphoric acid, in kerosene as a carrier. 
The uranium is recovered from the organic solvent 
by precipitation with 48°,, HF after the phases have 
been separated; the organic solvent is then re- 
circulated. Hydrochloric acid may also be used as a 
stripping agent, in which case the solution obtained 
is evaporated down, diluted with water and treated 
with ammonia to precipitate ammonium diuranate 
which is then filtered, washed, dried and calcined. 

More recent developments have led to the 
elimination of thickening and filtering by applying 
resin extraction and solvent extraction directly 
to the pulp. The resin-in-pulp (R.I.P.) and 
solvent-in-pulp (S.I.P.) processes do not differ 
fundamentally from the processes applied to the 
clear liquors. 

The main modification is in the form of the 
resin. Normal ion-exchange columns would be- 
come choked with pulp solids, so the resin is used 
in the form of beads agitated in baskets whose mesh 
is small enough to retain the beads but large enough 
to pass the pulp without serious obstruction. When 
the resin is fully loaded with uranium salts, the 
baskets may be lifted from the pulp stream, washed 
and the exchanged material recovered by agitation 
of the basket in the eluant. 


Purification of crude uranium compounds 


The precipitated uranium compounds contain up 
to about 80°, U,O, equivalent and may be basically, 
ammonium diuranate, sodium diuranate, uranium 
oxides, uranium fluoride, arsenate or phosphate. 
This material is dissolved in nitric acid to form 
uranyl nitrate which is soluble in ether. To part the 
uranyl nitrate completely in the ether phase the 
solution may be evaporated or treated with excess 
nitrate ions. The impurities remain in the aqueous 
solution. The ether layer is washed with a small 
amount of demineralized water and then the uranyl 
nitrate is extracted by treating the ether layer with a 
large volume of cold demineralized water. The 
aqueous solution is treated withammonia or H,O, 
to precipitate either ammonium diuranate or 
uranium peroxide. The product is filtered and 
dried. Drying and mild calcining results in UO, 
which is later reduced to UO, (by hydrogen at 
600°C. for example) prior to conversion to the 
halide. 

Fluorination of UO, may be with either anhydrous 
hydrofluoric acid gas to UF, or with ammonium 
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bifluoride, NH,HF,, which is an easily-handled 
white solid. 
150 
2U0, + - 2NH,UF, + 
+ 4H,O. 


The NH,UF, is decomposed at 450°C. to yield 
UF, and NH,F. The ammonium fluoride distils 
off because the reaction is carried out under 
vacuum. The UF, is suitable for producing 
uranium metal. If isotope separation is required, 
the UF, is converted to UF, by treatment with 
fluorine gas. 


PRODUCTION OF URANIUM METAL 


Reduction processes for uranium extraction are 
difficult, mainly because uranium compounds are 
very stable. Uranium is highly reactive towards 
most substances, particularly at elevated tempera- 
tures, and contamination by the atmosphere or by 
reaction with containers occurs readily unless 
adequate precautions are taken. Liners of inert 
materials such as lime or magnesia are necessary to 
minimize contamination from this source. Uranium 
also reacts with oxygen and nitrogen so a protective 
atmosphere of helium or argon or a good vacuum is 
also necessary during reduction. The possible 
methods of preparing uranium may be con- 
veniently grouped into the following: 

1. Reduction of uranium oxides with metals, 

carbon or hydrogen. 

2. Reduction of uranium halides with metals or 

hydrogen. 

3. Decomposition of halides. 

4. Fused salt electrolysis. 


Oxides 

With regard to oxide reduction, practically and 
theoretically, UO, seems to be the most suitable 
oxide for reduction either by calcium or magnesium. 
The heat balance of the calcium reduction process is 
such that liquid uranium will be the end-product in 
solid lime. In the magnesium reaction the tempera- 
ture must be kept below 1,250°C. because slightly 
above this temperature the reaction reverses. Also, 
since magnesium boils at about 1,120°C., operating 
much above this temperature causes high pressures 
of magnesium vapour to be developed. On the 
other hand, the reaction should run at a temperature 
above the melting point of uranium (1,130°C.) so 
that the uranium particles can agglomerate as much 
as possible. 

Reaction containers must be compatible with 
molten uranium and either calcium or magnesium 
at 1,200-1,600°'C. The only obvious materials 
appear to be lime for calcium reduction and either 
lime or magnesia or electrically fused dolomite for 
the magnesium reduction. 

The reactivity of uranium is an important factor 


5NH,HF, 3NH, 





july, 


¢ 


TEMPERATURE 


1 Ce 
system 


in se 
meth 
this 

attac 


nami 
2,30€ 
react 
equil 
out t 
perat 


tiona 


agen! 
toget 
high 
conti 
oxys 


beca 
stabl 
high- 


Hali 


varia 
most 
heat: 
will : 
oper 
even 
is su 
abov 
slag 

be h 


gene 





) metal treatment 


july, 1960 269 and Drop Forging 
j ALUMINIUM WEIGHT % 
2000 : : x0 20 30 40 60 
3 3000 A 
$90 
Pa bia 
1500} ——_ tt 1 f z eae 
i y 9 ‘ 3 \ . ; s ' Hi 
. S ba Nos ‘ “ 2000¢ t ’ >< | REFRA ~ NER 
= 1000 ¥+8 3 ‘ = 4% : | 
; = 750 é <a FS Ms f yh BOMB WA 
: : , —— —— 31000 ye ep. 4 HARGE OF UF4 
A sook if gk | ; Q - ~ j A Mg 
ai ars S}z iz] sen” ee AY 
2 = > . : 3 Q. | 
° 15 40 b5 ) TOO ) > hoor z | 
- ALUMINIUM ATOMIC % as 
: 1 Constitutional diagram for the uranium-aluminium i? @. 2am Pi ‘ — 
. system (USAEC Report, BM1/1,000) : sas k STEE 
y } AS | 
$ in separating the reaction products. Mechanical This » ty f jere ER 
t methods of separation have an obvious advantage in L y as 
y this respect while leaching methods must not » Y SRAPHiTE 
A attack the uranium, which will be finely divided. df --— 
4 Carbon reduction is unfavourable thermody- ' 4 Leta cHar 
. namically except at very high temperatures (over i —- 
e 2,300°C.; but, because one of the products of the [ Y 
: reaction, UO, + 2C = U + 2CO, is gaseous, the _ eee 6 
equilibrium can be shifted to the right by carrying 9 [j;amiwn-reduction bomb 
? out the process im vacuo. Even so, very high tem- 
. tagcat ye ial cota aan molten uranium, calcium and calcium fluoride is 
: m . required at 1,500°C. and under conditions of 
tional pumps without reversing the reduction. thermal shock. The calcium fluoride will be molten 
A variation using uranium carbide as the reducing during the reaction, so a thick lining is used so that 
agent is more promising. UO, and UC are reacted 14. crust will remain solid. 
together using arc melting to obtain the necessary The Mg-UF, reaction presents an easier problem, 
j high temperature but there is difficulty in preventing hecause of lower temperatures, and rammed linings 
: contamination of the uranium with carbon and oF 4 physically inert oxide (such as electrically fused 
q oxygen. : . dolomite) might be suitable (fig. 2). 
; Aluminium as a reducing agent is not — Sodium is, theoretically, a satisfactory reduction 
2 eee ae ae eee Pay pry sae agent for UF, but practical difficulties have made 
. poumes Ve - -, it unattractive. The boiling point of sodium is 
’ high-temperature formed Al,O, is insoluble in acids. gg C., well below the melting point of uranium, so 
§ . reduction would take place under a high pressure of 
y Halides sodium vapour. 
5 Of the fluorides of uranium, UF, is almost in- The chlorides, bromides and iodides of uranium 
e variably used, since it is the easiest to prepare, the are less attractive than UF, because they are to 
e most stable to handle and has the most suitable some degree unstable in air, deliquescent and easily 
9 heats of reduction. Both calcium and magnesium hydrolysed. UCI, is also rather volatile (b.pt. 
1 will reduce uranium fluorides to metal at reasonable 790°C.). 
operating temperatures. For the Ca-UF, reaction 
h even when fired from cold, the temperature attained Decomposition of halides—the iodide process 
a is sufficient to hold the uranium and the slag well Unlike the UF, and UCI,, which disproportionate 
S above their melting points, but for efficient metal) when heated in vacuum, the uranium iodides de- 
r slag separation using Mg-UF,, the reactants must compose into their constituent elements on heating. 
r be heated. This behaviour is characteristic of the iodides of 
Containers for the UF ,-Ca reaction are restricted many metals and the preparation of pure metals by 
r generally to calcium fluoride because resistance to thermal decomposition of their iodides is well 










































































metal treatment 
and Drop Forging 


established. Thermal decomposition is normally 
carried out at the surface of a hot metal filament. 
This process enables compact metal to be obtained 
without risk of contamination during melting. 
Successful application requires that the metal should 
form a relatively volatile halide which is sufficiently 
unstable to decompose, if necessary at low pressures, 
at temperatures below the melting point of the 
metal. Operation is possible above the melting 
point of the metal formed but this introduces 
possible contamination from the filament. 

With most metals, their preparation by the iodide 
process depends on the fact that the equilibrium in 
the reaction M + 21, = MI, lies substantially to 
the left at high temperatures but to the right at low. 
The process is carried out in a sealed, evacuated 
vessel containing a hot wire filament, a quantity of 
crude metal held at a suitable temperature and a 
small quantity of iodine vapour. Under suitable 
temperature and pressure the iodine reacts with the 
crude metal to form pure iodide which diffuses to 
the filament where it decomposes, deposits pure 
metal and liberates iodine for recirculation. The 
deposited metal is completely free from impurities 
which are non-volatile and do not form volatile 
iodides under the conditions of operation—e.g. C, 
N, O,. Reasonable deposition rates require that the 
volatile iodide should have a vapour pressure at the 
operating temperature of at least 10°? mm. Hg, 
preferably 10°? or even 1 mm. 


Fused salt electrolysis 


Fused salt electrolysis can take place either above 
or below the melting point of the metal, yielding 
respectively either massive or powdered metal. 
Since uranium melts at 1,132°C., electrolysis above 
the melting point would be unattractive technically 
and all reported methods have operated at tempera- 
tures well below this. The deposited metal thus 
consists of crystals whose size is dependent on 
current and bath conditions. When removed from 
the bath, these metal crystals always contain 
entrapped salt. This is removed by leaching. 

There are two approaches to the preparation of 
uranium by fused salt electrolysis. In the first, a 
pure bath, of water-soluble salts in a non-reactive 
pot is held under inert atmosphere and electrolysed 
with inert electrodes. The metal is recovered in 
high yield by aqueous leaching. In the second 
approach these conditions are relaxed, the bath is 
allowed to contain water-insoluble salts and elec- 
trolysis is carried out in open pots relying on the 
melt to prevent oxidation of the deposit. Leaching 
is then used as a purification process, extensive 
washing and decantation of the powder being carried 
out to free the heavy uranium particles of the lighter, 
though insoluble, impurities. This procedure gives 
a lower yield, since some impure uranium has to be 
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recycled, but is likely to be the best commercial 
approach. 

Electrolysis is carried out by dissolving a uranium 
compound (nearly always a halide) in a bath of fused 
alkali and alkaline earth halides. Since these have 
high decomposition potentials uranium is deposited 
at the cathode preferentially to alkali or alkaline 
earth metals. Electrolysis may be run as a winnin; 
or as a refining operation. When run as a winnin; 
operation, uranium is deposited at the cathode, an: 
gases such as chlorine, fluorine, or carbon fluoride 
are evolved at the carbon anode. When run as : 
refining operation, a uranium anode is used whic! 
dissolves in the bath at the same rate as uraniun 
deposits at the cathode. 


PROCESS DETAILS 
Uranium by reduction of UF, 

1. Calcium reduction. UF, + 2Ca-» U 

137 k.cal. 

The calcium used is very pure and in chip forn 
1-3 mm. thick. The quality of UF, used is less 
critical for calcium reduction than for magnesium 
reduction. The heat evolved in the above re- 
action is sufficient to raise the temperature to 
as much as 1,800°C. The lining of the vessel is 
generally CaF, which will obviously be fused in the 
reaction zone, so a thick lining is necessary. The 
CaF, should also be very pure and dry. Moisture 
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evolved during the reaction causes serious spurting 
of the reactants. The calcium chips and powdered 
UF, are intimately mixed in a rumbling drum 
under argon before being loaded into the reactor 
using about 15°, calcium in excess. The uranium 
produced is generally re-melted and CaF, inclu- 
sions, gross oxygen and nitrogen contamination 
removed. The reaction may be initiated by dropping 
an ignited pellet of KNO, and lactose on to the 
charge, lighting a magnesium ribbon in a primer of 
magnesium powder and Na,O,, or electrically. 
Preheat is unnecessary, the reaction in any case 
yielding molten uranium and CaF, when carried 
out on a sufficiently large scale. Even if the reaction 
is carried out in air, undue oxidation of the uranium 
does not occur, since the metal is protected by a 
blanket of calcium vapour during the reaction and 
subsequently by a layer of CaF,. However, final 
cooling under argon is desirable to prevent air 
diffusing through the lining to the hot uranium. 
The slag, which may, in the lower layers, contain 
up to 10%, uranium, must be re-treated. 


2. Magnesium reduction. Magnesium as a reduc- 
ing agent has advantages. It is very much cheaper 
than calcium per chemical equivalent, is readily 
obtained pure and is less liable to contamination 
during handling. Its great disadvantage is that 
considerable preheat is necessary to yield molten 
products from the reaction and it must be carried 
out in a closed pressure vessel since magnesium 
boils below the melting point of uranium. 

As with calcium reduction, the lining material 


TABLE 3 Analyses of uranium metal (in p.p.m.) 
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must be free of moisture and on this ground 
electrically fused dolomitic oxide is desirable since 
it is freer from moisture than dead-burnt lime. 
Much thinner linings are possible than in the case 
of CaF,. For maximum reduction efficiency, an 
excess of some 5-30°,, of magnesium is necessary, 
decreasing with increasing size of the bomb. The 
charge in a sealed bomb has to be preheated before 
reaction. After cleaning, the uranium is sent for 
further processing. 


Developed from the bomb method, the next step 
was to use a direct pour method. This required a 
special bomb incorporating a graphite mould 
assembly. Bringing the bomb and the mould to- 
gether (fig. 3) exerted sufficient pressure to open the 
base valve and allow metal to flow into the mould. 
Cropping the ingots below the pipe gave a uranium 
yield of 91°., of the uranium originally present in 
the charge. 


The general trend in reduction presses is towards 
the magnesium process. 


Reaction vessels 


These are usually made of stainless steel, although 
mild steel has been used. A gasketed top is provided 
with valves for evacuating the vessel and purging 
with argon. A moderate-sized vessel would be 
about 2 ft. dia. and 3 ft. 6 in. high. 


With calcium reduction there is no need for the 
top to be on during the reaction, but the top is re- 
placed during cooling and argon admitted. In 
magnesium reduction, a closed-reaction bomb is 
needed because of the relatively high vapour pres- 
sure of magnesium. This pressure has the ad- 
vantage that it helps to drive the reaction in the 
desired direction. 


When calcium is used, the reaction vessel is kept 
in a special ventilated chamber provided with many 
safeguards against accidents. Since the magnesium 
reaction requires external heating, the reaction 
bomb is placed in a furnace (fig. 4) during the 
reaction period and the temperature is held at 
about 600°C. The larger the bomb, the longer it 
takes for the reaction to begin. The progress of the 
reaction can be followed through a contact micro- 
phone. The furnace is walled in as a safety measure 
in case of a blow out. 
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Thermal decomposition of UI, [one] 
The reactions UI, + 41, = Ul, are carried out pq 
UI, = U + 2, | Lio Je" | 


in a glass bulb in a furnace. Solid UI, is put in the 
bulb and the system evacuated. A water-cooled 
copper coil surrounds the area where the UI, rests 
and maintains it at the required temperature, 500°C. 
The iodine receptacle is connected with the bulb by 
a long tube, which enables the partial pressure of 
the iodine to be regulated by controlling its tem- 
perature, -25 to + 40°C. The filament temperature 
is adjusted to 1,030-1,100°C. The deposit may 
be solid or liquid, depending on filament tempera- 
ture. If liquid, the drops are collected in a crucible 
beneath the filament. The filament may be 
attacked by the liquid metal but a tungsten filament 
coated with thoria is quite resistant. When solid 
uranium deposition is required, a uranium filament 
is used and the filament current must be con- 
tinually increased to maintain the filament tem- 
perature as the solid deposit increases. 

The limitations on the amount of metal deposited 
are: (1) strength of the filament at high tempera- 
tures; (2) quantities of starting materials; (3 
proper temperature control; and (4) availability of 
high current. 


Thermoelectrolytic extraction of uranium 


The use of fluoride/chloride based baths has been 
the most widely used method for preparing uranium 
electrolytically. KUF, (potassium urany! fluoride), 
UF, and UCI, have all been used successfully as 
the source of uranium and baths of various com- 
binations of NaCl, NaF, KCl, KF, CaCl,, LiCl. 

One process* used on a fairly large scale takes 
place in a graphite crucible holding a melt consisting 
of 80 wt.°,, CaCl, and 20 wt.°,, NaCl, to which 
KUF,, later UF,, is added. A molybdenum 
cathode is used and no atmospheric control is 
necessary after initial melting. The CaCl,/NaCl 
melt is heated to 950°C., uranium compound added 
and the bath electrolysed for about 5 min., during 
which time the greater part of the significant 
impurities are deposited on the cathode. This 
cathode is then replaced by a clean cathode, further 
uranium compound is added, and the temperature 
allowed to drop to 900 + 25°C. When the required 
amount of uranium has deposited, the cathode is 
removed and cooled quickly. The treatment of 
this deposit, averaging 2 Ib. of salt to 1 Ib. uranium 
crystals, requires considerable wet crushing, leach- 
ing, washing, filtering and drying to yield a high- 
grade metal. The uranium forms as a cluster of 
crystals. These have to be washed with water and 


*Lilliendahl, W. C., Wroughton, D., Nagy, R., and 
Marden, J. W., 1954. U.S. Patent 2,690,421. 
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cleaned with dilute HNO,, rinsed with water, 
alcohol and then dried in a vacuum. 


Production of uranium powder from uranium 


If hydrogen is passed over uranium at 225°C. the 
trihydride UH, is formed. This falls from the 
uranium in the form of a powder about 5-10 u in 
size. The hydride decomposes in vacuo at 300°C. 
Both the hydride and the uranium metal powder 
compact cold but not to very high densities. 
Uranium powders, however, compact to a fairly 
high strength and can be handled without any 
difficulty. The hydride compact has to be handled 
very carefully. 








60 


NiUP 


iter, 


the 
the 
2. in 
yder 
ties. 
uirly 


died 


july, 1960 


There is only one way to obtain a perfectly 
dense, pore-free uranium by powder metallurgy 
and that is by hot pressing. Compacting uranium 
powders in vacuum at approximately 10 tons/sq. in. 
at 600°C. for a few minutes results in material of 
nearly 100°,, density. Like many other hot-pressed 
metal powders, the finished material is of a fairly 
low ductility. However, the ductility can be con- 
sistently increased by subsequent heat treatment. 

Uranium powder is pyrophoric and extremely 
toxic so it has to be handled in inert atmosphere 
boxes. 


The Springfields (UKAEA) process ore metal 

Almost all the uranium refined in the United 
Kingdom has been produced at the Springfields 
factory of the UKAEA from virgin ore by the process 
which is described below and shown diagram- 
matically in fig. 5. 

The first stage of the process is an ore-crushing 
and sampling operation in which the ore is reduced 
in a jaw crusher, screened and recycled until it 
passes }-in. mesh. 

Because of the high atmospheric concentration 
of dust and radon inherent in a dry process of this 
nature, the crushing is carricd out by remote 
operation and dust is removed by means of cyclone 
separators and circulating water scrubbers. The 
radon escapes through a high stack; the dust is 
recovered. 

In the extraction stage, the crushed ore is made 
into a slurry with water, reduced to about 30 mesh in 
a ball mill and discharged into a stirred stock tank. 
The slurry is then fed at a controlled rate to the 
first of three cascade dissolvers, stainless-steel tanks 
fitted with stirrers, to which nitric and sulphuric 
acids are added continuously according to the 
uranium content of the slurry. Heating is by live 
steam, and radon and acid fumes are efficiently 
extracted. The slurry overflows from the first to 
the second dissolver, which is also heated, and 
barium nitrate solution is then added to form in- 
soluble barium sulphate and co-precipitate the 
radium present as sulphate. The mixture then 
overflows to the third dissolver where it is cooled by 
a cold-water coil, causing further separation of 
insoluble sulphates. It is then pumped to filter 
presses which retain all insoluble materials, includ- 
ing the radium and precious metals. 

The uranium in solution is purified by precipita- 
tion as uranium peroxide by the addition of hydro- 
gen peroxide under carefully controlled conditions 
of acidity and temperature, and is removed from the 
solution by filter pressing. The peroxide is re- 
dissolved in warm nitric acid to form uranyl nitrate 
solution, which is adjusted for acidity and specific 
gravity and evaporated under reduced pressure to 
form uranyl nitrate hexahydrate. 
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After filtration through fine gauze, the uranyl 
nitrate is purified by ether extraction. Careful 
operation is essential at this point to prevent 
evaporation of the ether or crystallization of uranyl 
nitrate. Stringent precautions are also necessary to 
reduce the risk of fire or anaesthesia, and this is 
achieved by keeping the ether line outside the 
building which houses the personnel and uranium 
solutions. 

The impurities remain in aqueous solution while 
the uranium remains in the ether. After the ether 
layer has been washed with warm demineralized 
water, the uranium is extracted from it by a large 
volume of cold demineralized water. The resulting 
uranyl nitrate solution is treated with ammonia to 
precipitate ammonium diuranate. This yellow 
precipitate is then washed with water and filtered 
under vacuum and the semi-dried cake converted 
to uranium tetrafluoride. 


Final reduction 


The ammonium diuranate paste is loaded into 
trays and stacked in a vessel so that reactant gases 
which are introduced can pass from tray to tray 
across the surface of the contained solid. The vessel 
is lowered into an electric furnace and the conversion 
proceeds in three stages. The diuranate is first 
heated to decompose it to uranium trioxide; during 
this calcination, ammonia and steam are driven off. 
The trioxide is then reduced to dioxide by hydrogen, 
and finally the dioxide is treated with anyhdrous 
hydrofluoric acid gas to convert it to uranium 
tetrafluoride. All these reactions are carried out in 
the same vessel, which has a series of connections to 
the hydrogen and hydrofluoric acid supplies and to 
a caustic scrubber where effluent gases are cither 
absorbed or discharged to atmosphere if harmless. 
More continuous production may result from the 
use of a series of fluidized bed reaction columns. 

The final step is the reduction of the tetrafluoride 
with metallic calcium. The uranium tetrafluoride 
is transported in drums to the reduction plant and 
calcium chips are added, the operations being 
carried out in an enclosed cabinet. The contents 
are mixed under an argon atmosphere and finally 
charged into the reduction mould. This consists of 
a mild-steel casing, lined with calcium fluoride 
which has been rammed round a wooden former 
and carefully dried. 

The charged mould is moved forward into the 
firing chamber, and the charge is fired by dropping 
into it an ignited pellet of potassium nitrate and 
lactose mixture. An elaborate system of interlock- 
ing controls ensures that the charge is fired only 
when full safety precautions have been observed. 
The heat generated melts the uranium formed so 
that the metal runs down to the bottom of the 
mould where it forms a solid billet, while the 
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6 Diagram showing early removal of Fe,O, during nitrate 
elution 


calcium fluoride, which is the other product of the 
reaction, floats on top as a slag. 

When the reaction is complete, the mould is 
moved forward by remote control into the cooling 
bay. After cooling, the mould is hoisted into a 
breakdown cubicle where it is inverted over a grid 
so that both the uranium billet and the calcium 
fluoride slag and mould lining fall out of the mould. 
The billet is finally cleaned and washed. 


Uranium from South African gold ores 

” With one or two exceptions, the U-bearing gold 
ores in South Africa are mined primarily for gold, 
but the ores carry }-2} lb. U,O,/short ton and 
average 0-7 lb./ton over South Africa. As long as 
there is more than } Ib. of U,O, per ton of gold- 
stripped tailings it is economical to extract the 
uranium. U,O, can be expressed UO,:2U0,, but 
UO, is not very acid soluble, whereas UO, is. Thus 
leaching of the ore with acid, together with a strong 
oxidizing agent to convert UO, in effect into UO,, 
is an economical proposition. Both H,SO, and 


pyrolusite(40°,, MnO,) are obtainable locally in 
South Africa and the reactions used are: 
UO, + 2H,SO, + MnO, -- UO,SO, — MnSO, 
2H,O 
UO, + H,SO, —-- UO,SO, + H,O 


The amount of acid required varies with the 
quality of the ore but averages 50 Ib./short ton and 
the acid strength is kept above 5 g. H,SO, litre of 
solution. The pyrolusite is not put in at the start of 
the leach (during which time the UO, dissolves) 
because of the early generation of hydrogen from 
abraded steel from the grinding mills and H,S from 
pyrrhotite in the ore. Reducing agents such as these 
would increase the MnO, consumption enormously. 
The final filtrate consists of uranyl sulphate 
UO,(SO,), together with an overwhelming amount 
of sulphates of Fe, Mn, Al, and Mg. The separation 
is carried out by ion-exchange resins. In this 


process anion exchange resins are used. They can 





july, 1960 


LN ELUTING SOLN 











= Zz es 
| | 
‘ i 4 
i} Ld 
U-FREE 
, TING SOLN U-SOLN U-RICH ELUATE 
——— = J Pa 
] 
| | 
7 il _ 
—— H are LUTING SOLN U-FREE 
STAG mass U-SOLN 
Lf — et _ 
+ 
| 
} 
v i ae i 
FREE U-RICH 
ELUATE 


7 Cycle for ion-exchange columns 


The columns are run in the following manner 

Stage 1 L’-soin. as run into the first column until it is full; the 
second column provides a reserve for any run through. The third column 
is meanwhile being cleaned 

Stage 2. The change to this stage is automatic. The first column i 
cleaned whilst the second and third are respectively being filled and 
providing a reserve for run through 


Stage 3. The second column is being cleaned, the third one filled, and 


the first is here acting as a reserve 


be written as R-Cl where R represents the whole of 
the organic amine part of the molecule. In solution, 
it dissociates into R*, which remains an active 
positively charged point on the resin surface, and 
Cl which floats freely in the solution and can be 
replaced | y another anion. 

The uranyl ions in solution with excess H,SO, 
combine to form a more complex anion with four 
negative charges thus: 

UO,’ 380/ UO,SO,),)' 

These complex ions have a great affinity for the 
resins because they have four valencies and are 
large ions. 

U0,’ 

4Cl 

Most of the impurity ions have positive charges 
and are actually repelled. 

Of the metals most commonly present in leach 
liquors, ferrous iron, calcium, magnesium, alu- 
minium, copper and manganese are not absorbed 
by the resin to any measurable extent. Molybdenum 
may be taken up as molybdate and tends to build up 
in the resin despite eluting. In can be cleared by an 
occasional wash with dilute caustic soda solution. 
Vanadium may be taken up as a complex and, in 
fact, it is possible to extract both vanadjum and 
uranium from solution and to elute them separately 

continued on page 282 


380,°- + 4RCl = R = UOXSO,), 
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-A note on structures in wrought iron 


S. W. HALLWOOD* and T. R. G. WILLIAMS, M.Sc., A.I.M.+ 


RECENTLY A BEAM ENGINE PUMP was dismantled at 
Winchester after completing over 100 years’ service. 
The materials utilized in its construction were a 
grey cast iron (fig. 1) and wrought iron. Mechanical 
testing of the wrought iron revealed a very low 
impact strength despite high elongation values: 








Reduc- Direc- 
Yield | Tensile Elonga- tion in Izod tion of 
point | strength tion area test 
10-1 21-5 33-0 38-6 2ft. lb. Along 
ton sg. ton sq. cleav- fibre 
in. in. age) 





Metallographic samples were prepared to study 
the structure. Fig. 2 shows the microstructure 
after etching in 2°, Nital. The elongated slag 
fibres are typical of wrought iron. The matrix 
consists of a white etching seam of coarse grain 
surrounded by a dark etching area exhibiting a 
cored structure. At higher magnification in fig. 3, 
boundaries of the coarse grains in the white etching 
zone are seen to be outlined by a needle-shaped 
constituent, and most of the precipitate is either at 
the grain boundaries or formed on slag fibres as 
shown in fig. 4. 

Fig. 5 is a photomicrograph of the dark etching 
zone and in this area the needle-shaped constituent 
is seen to be distributed throughout the matrix of 
the grain. On deep etching in Nital the cored 
structure was revealed, and the needles were seen 
to be distributed in the interdendritic areas of 
the grains. 

An explanation of these variations in micro- 
structure is based on the fact that wrought iron, 
like mild steel, is liable to strain ageing. Cottrell’ 
states that the edge dislocations of such materials 
are locked by interstitial atoms, mainly nitrogen, 
and that to initiate plastic flow the Cottrell locking 
effect has to be overcome—hence the discontinuous 
yield point phenomenon. During plastic flow there 
is a considerable increase in the number of disloca- 
tions and subsequent strain ageing involves two 
processes : 

(i) diffusion of the interstitials to re-establish 
Cottrell locking, 





* Metallurgist, Folland Aircraft Ltd. 
¢ Lecturer in metallurgy at Southamptor University. 


(ii) precipitation of particles (mainly nitrides) at 
dislocation junctions. 

(i) restores the upper and lower yield points and 
(11) increases the resistance to plastic flow and thus 
increases both tensile strength and hardness. Both 
effects raise the transition temperature from ductile 
to brittle fracture. 


In the white etching band of coarse grain, re- 
crystallization has occurred during hot working of 
the wrought iron, resulting in a great reduction in 
dislocation density. Furthermore, at the hot-forging 
temperature the ‘atmospheres ’” of interstitials will 
either move with the dislocations or diffuse rapidly 
to them at the grain boundaries and at the slag 
ferrite interfaces, thus building up the local nitrogen 
content. During subsequent ageing the precipitates 
will be coarse and located at these positions in 
the grain. 

In the unrecrystallized portion of the material a 
relatively dense dislocation network will persist 
despite some annihilation of dislocations by re- 
covery effects. Therefore, the nitrogen will be 
more widely distributed within these grains forming 
smaller precipitate particles. 

To explain the discontinuous recrystallization 
it would be necessary to reveal either: 





1 Structure of grey cast iron <x 100 
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2 Microstructure of wrought iron. Etched 2°, Nital 10 





a ° . 
4 White etching zone 


(i) chemical segregation involving variations in 
recrystallization temperature throughout the struc- 
ture, or . 

(ii) development of strain gradients during 
forging. mt ate 

Fig. 2 shows a smaller distribution of slag fibres 
in the white etching recrystallized zone and this 
may have lowered the rigidity of the material 
locally with resulting increased plastic deformation. 

Although the nitrogen content of this material is 
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5 Dark etching zone ~ 250 


high enough to induce extensive precipitation of 
nitrides in the microstructure, and to raise the 
transition temperature, as measured by the Izod 
impact test, above room temperature, nevertheless 
the material did not fail during its long service life. 
The large safety factor in design resulting in low 
working stresses avoided this hazard. 


Reference 


1) A. H. Cottrell, ‘ Dislocations and plastic flow in crystals * (Claren- 
don Press), 1953 





july, 


Is ¢ 


KOL 


condi 
mani 
one 0 
wher 
the r: 
to th: 

Ac 
occul 
weld 
the ° 
Reits 
cycle 


doub 





* 
lea 
~— 


te 


ae ae 
ane 


bad 





250 


1 of 
the 
zod 
less 
life. 
low 


july, 1960 


277 


metal treatment 
and Drop Ferging 


Application of electron microscopy 


Is a flash butt-welded joint decarburized ? 


-KOLOMAN JAN MALIK and IVAN HRIVNAK 


This article, by two members of the research staff at the Welding Institute in 
Bratislava, presents a thorough exposition of the nature of the so-called ‘ferritic 


layer in flash-butt welds. 
1960, No. 4 


IF A STUDY IS MADE of the structure of carbon steel, 
flash butt-welded joints, produced on a press in 
fact, the centre of the weld is normally marked by 
a characteristic narrow ‘ light-coloured ’ strip about 
0-1-1 mm. wide. A similar light-coloured strip 
may be observed, of course, in the centre of a 
gas pressure welded joint, or even in a weld pro- 
duced by induction heating. This strip is normally 
designated as a ferritic or decarburized zone, and 
this is irrespective of the method of welding. 

In view of the difference between the techniques 
of gas pressure welding and flash butt welding, 
evidently the conditions for the formation of the 
light-coloured strip are different. Flash butt 
welding, and especially welding on a press, is 
characterized by the extremely rapid sequence of 
all the phases during the formation of the joint. 
During welding on a press, for instance, this 
period elapses within the limits of a few cycles of 
the welding current, and one cycle equals a fiftieth 
of a second. As opposed to this, during gas pres- 
sure welding the first phase, i.e. the heating of the 
faces to be welded, lasts for a considerably longer 
time and in a different medium. Evidently the 
structural changes in the area of the welded joint 
will in both instances be subject to differing 
conditions. In the case of resistance welds variously 
manifested, or incomplete, transformations, which 
one of the authors has described,': * will be formed, 
whereas in the instance of gas pressure welding 
the rate of the structural transformations is similar 
to that during ordinary gas welding. 

According to some sources*:* the cause of the 
occurrence of this ‘ferritic’ strip in resistance 
welded joints 1s explained by decarburization of 
the welded surfaces. But W. Mantel and E. 
Reitsch, in view of the sequence of the individual 
cycles during resistance welding, have justifiably 
doubted whether it is in fact possible that decar- 


It was first reported in Czechoslovakia in ‘Zvaranie’, 


burization should occur in flash butt-welded joints. 
Likewise, A. S. Falkevich® denies the possibility of 
decarburization in gas pressure-welded joints. 
The formation of a ferritic strip in the middle of 
these welds is acceptably explained by him on the 
basis of oxides as crystallization nuclei. But in 
view of the difference in techniques the application 
of this explanation to flash butt-welded joints is 
indeed unjustified.* 

One of the authors also has made a partial study 
of the problem presented during an electron micro- 
scope study of resistance welded joints.* 


Experimental procedure 

For the study of transition zones, use was made 
of joints in low-alloy steels, of the Type 11 373 and 
11 500 in accordance with Czechoslovak State 
Standards, produced by flash butt welding on a 
press and also by gas pressure welding. For the 
microscope investigation, the ground surfaces 
were polished electrolytically in a solution of the 
type CH,COOH HCCO, H,O, and the 
specimens were etched in 2°, HNO, in ethyl 
alcohol. Observation with the electron micro- 
scope was carried out on negative collodion prints, 
shadowed with chromium. The microhardness was 
measured by the Mannemann system at a load of 
50 g. on a Zeiss Neophot microscope. For X-ray 
investigation the Debye-Scherer method was 
chosen. The diameter of the chamber is 57-4 mm. 
Unfiltered cobalt radiation was used. The X-ray 
diagrams were measured on an Abbé comparator. 


Results obtained 

The structure of welded joints in the steels 
mentioned may, from the point of view of optical 
microscopy, be described in the following manner. 
The centre of the joint forms a ‘ light-coloured ’ 
strip, which is described in greater detail later on, 
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and this passes over into a coarser zone of a Wid- 
manstatten character. Fig. 1 shows the fine grain 
area, heated to just above the A, point and typical 
of the range of temperatures between the A, and 
A, points; this passes into the base metal which is 
not affected by heat. 

If we observe the same joint at a lower mag- 
nification (fig. 2), the fibres of the material are 
bent in the zone heated to a high temperature by 
the influence of the pressure during welding, but 
vanish on the boundary of the light-coloured strip. 
From this it may be judged that this zone was 
either melted, or at least heated to a temperature 
in the zone between the solidus and liquidus, that 
is to say partially melted.* Since during welding 
part of the fused metal spatters and part is squeezed 
out in the form of flash, there remains in the joint 
only material heated within the solidus range, 
which forms the characteristic light-coloured strip 
or platelet. The explanation of the formation of 
the light-coloured strip which differs considerably 
from the rest of the structure is seemingly simple— 
decarburization has taken place. Is it above all 
possible, however, that in so short a time, in this 
instance a few cycles of the welding current, 
decarburization has taken place, and furthermore to 
a considerable depth of the welded components ? 

In view of the technique of the process, intensive 
decarburization can take place only in the flashed- 
off phase, and then either under the influence of 
atmospheric oxygen, or of oxygen present in the 
steel, respectively under the joint action of both. 
The possibility of the penetration of atmospheric 
oxygen into the gap between the flashed-off surfaces 
is, however, improbable, for this is prevented by 
the overpressure of the metallic fumes of the fused 
metal. In any other event, decarburization must 
necessarily have been greater in the more remote 
edges of the weld. Such an occurrence has not, 
however, been observed.‘ In view of the incon- 
siderable quantity of oxygen in the steel, about 
0-002°., it is improbable that decarburization 
would take place to such an extent. 

For the explanation of decarburization there may 
still be put forward this cause: 

Where the heating rate is high, and the rate of 
diffusion of carbon in the austenite is low, the 
carbon is incompletely dissolved, and at the same 
time the concentration of carbon is higher in the 
areas of the original pearlite. These areas have 
a lower melting point, and during flashing off are 
preferentially expelled from the weld surface as 
spatter. By this means the content of carbon in 
the joint is decreased.* If this explanation were 
accepted, it would mean that the process of pre- 
ferential flashing off would have to take place to 
a considerable depth—the fused layer plus half 
the width of the light-coloured strip—which would 
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in fact be manifested by heterogeneity of the ‘ light- 
coloured’ strip, that is by a drop in the carbon 
concentration and a gradual transition to the 
decarburized area. But the boundary between the 
light-coloured area and the coarse structure is 
relatively sharp, and the so-called ‘ decarburized ’ 


area does not show signs of a change in concen- 
tration (fig. 1). Furthermore, it is problematical 
whether such a difference is manifested a by 
fusion temperatures by comparison wit rc 
temperatures. 


Nor is comparison by analogy with arc welding 


appropriate, in which, as we know, the carbon 
content in the weld metal is lower tha the 
electrode metal, since: (a) during arc \ ng 


oxides present in the coating material of the - 
trode react with the fused metal of the electrod 
b) the electrode metal remains in the joint. 

From what has been pointed out, it follows that 
the possibility of decarburization during flash butt 
welding is inconsiderable, and therefore the ‘ light- 
coloured ’ strip cannot on this int be ferritic. 

Likewise application of planation for the 
formation of a ferritic strip 1 gas pressure-welded 
joints, presented by A. S. Falkevich,’ to flash 
butt-welded joints is unjustified for these reasons: 
a) the rate of transition through the transformation 
points is disproportionately higher during flash 
butt welding than during gas pressure welding; 
6) during flashing off the surfaces of the weld 
edges are completely cleaned. Oxides which 
happen to be in the fused layer are forced out 
under pressure into the flash of the joint. 

On the contrary, during gas pressure welding, 
or in a weld made by means of induction heating, 
the oxides remain in the joint in the form of small 
chains, which then serve as crystallization nuclei 
during the ~—x transformation (figs. 3 and 4). It 
should be noted that the difference in the rates of 
passage through the transformation points has 
a decisive infl n the structure in the areas of 


the light-col strip. As an example, fig. 5 
may be quot [his is the peripheral zone of 
a defective } welded on a press. From fig. 5 


it is evident ti 
remained in 
ferrite has forn 


despite the fact that oxides sti! 

joint, around them no strip of 
ed, even though the temperature i 
this zone was high above the A, point. 

Therefore the explanation provided by Falke- 
vich® is only acceptable for those joints which are 
formed under conditions of gradual heating and 
cooling, and under which the oxides are not expelled 
from the joint. 

From this it follows that the structure of the 
light-coloured strip in resistance-welded joints is 
formed neither by decarburization nor by the 
preferential crystallization of ferrite. As 
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1 Transition to the ‘decarburize 200 4 Structure of a joint produced by induction heating 500 





3 Microstructure of a gas pressure-welded joint with a 8 Structure of the ‘decarburized’ layer after normalizing 
ferritic laver 200 200 
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shown during the electron microscope study, this 
is a purely morphological matter. 

By an electron microscope investigation of a 
whole series of joints, definite changes were estab- 
lished, from which it is possible to explain the 
formation of the ‘ decarburized’ layer. It should 
be mentioned that the main argument of supporters 
of the existence of a ‘ ferritic layer’*: 4: ° was the light- 
coloured surface, i.e. an optical effect, whereby this 
layer shows up more brightly than the surrounding 
zone. It is known that other properties, micro- 
hardness, for instance,': * remain constant over the 
whole of the joint. 

By statistical research with the electron micro- 
scope it has been possible to show that the greater 
reflective capacity of the ‘ ferritic’ layer lies in the 
special morphological configuration of carbides of 
the cementite type. Through the influence of the 
very rapid heating all the carbides of the lamellar 
pearlite do not have time to dissolve, even at tem- 
peratures high above the A, point. Their partial 
breakdown therefore takes place, which during 
rapid cooling implies the formation of a coarse, 
mixed bainitic structure with large areas of car- 
bides, which in view of the unfavourable orientation 
reflects less brightly, and therefore the structure 
seems to be dark. 

On the other hand, within the solidus temperature 
range, in which partial fusion occurs, homogeniza- 
tion, and therefore the solution of the original 
cementite carbides, are radically better, and during 
cooling the formation of very fine carbides takes 
place, which creates a grouping of the formations 
more suitable for the more intense reflection of 
light. The reader is here referred to a previous 
work! in which it was shown that the solidus 
temperature range must not be identical with the 
solidus temperature range, but bring about a distinct 
limitation of the kinetic energy. 

In fig. 6 may be seen the transition between both 
zones. On the left side is the ‘ dark,’ ‘ not decar- 
burized’ part with coarse carbides, and on the 
right side of the specimen is the ‘ light,’ ‘ ferritic’ 
zone with very fine carbides. The morphology of 
this zone is characterized by fig. 7, from which it 
may be seen that the majority of the carbide par- 
ticles are very fine, and the surface of the matrix is 
therefore much finer than in the other half of the 
preceding figure. These figures are taken from the 
statistical study, and characterize the average 
distribution and formation of the carbide particles. 

From the electron microscope research it follows 
that the content of carbon in the light-coloured 
strip is not strictly different from that of the 
remaining zones of the weld. In order to provide 





6 Transition from the ‘not decarburized’ area to the light- 
coloured strip. Collodion shadowed with chromium 
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support for this assertion, after welding, a joint 
was normalized by heating at 900°C. for 20 min. 
and cooled in air. It was shown that the structure 
of the former, ‘ decarburized’ strip, is ferrito- 
pearlitic with an even quantity of pearlite (fig. 8). 
The sole difference is merely in the grain size. In 
the light-coloured strip the grain is somewhat finer. 

In order to test the possibility of carburization 
of the light-coloured layer from the adjacent areas 
during normalising, the following experiment was 
carried out. Steel of the same composition was 
intentionally decarburized at a high temperature. 
After establishing the depth of the decarburized 
layer, the dimension of which was of the same order 
as that of the ‘ ferritic layer’ of a resistance weld, 
the specimen was heated in a neutral or a slightly 
carburizing atmosphere at the normalizing tem- 
perature for a period of two hours. It was shown 
that the boundary between the carburized and 
decarburized zones was only inconsiderably dis- 
placed into the ferritic zone. This implies that 
the equalization of the concentration in the ‘ ferritic ’ 
strip of a resistance weld during normalization 
within the normal holding time is improbable. 

During X-ray research an investigation was 
made of the change in the lattice parameter of the 
x-iron in the zone of the light-coloured layer and 
in both the base metals. Since the method of back 
reflection did not provide sufficient accuracy of 
measurement, in view of the marked diffuse spread- 
ing of the (321) plane in the zone of the light- 
coloured strip, the Debey-Scherer method was 
therefore used, and the parameter was measured 
from the line of the (220) plane. Powder was 
prepared by boring out material from both the 
base metals and from the light-coloured layer. The 
calculated values are given in the table, as the mean 
of four measurements. 





a (220), A 





Base metal I Base metal II Light-coloured layer 





2-857, 2-857, __ 2-861, 





The measured values of the parameter confirm 
the results obtained by electron microscope research. 
The carbon in the zone of the light-coloured strip 
is partially in the solid solution of z-iron and 
partially in the form of iron carbides. The latter, 
however, were only revealed by means of the 
electron microscope. 


Conclusions 
In the work presented, the possibilities of decar- 
burization of flash butt-welded joints, made on 





7 Very fine carbides in the basic structure of the light- 
coloured zone. Collodion shadowed with chromium 
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a press in fact, are discussed. The authors’ experi- 
ments were carried out on joints in materials 
CSN 11 373 and 11 500, i.e. with a carbon content 
of 0-12-0-30°,,. It was shown that decarburization 
during the flashing-off process is improbable. 
Since there is no other possibility of decarburization 
during the welding process, then the so-called 
‘ferritic’ layer is a purely morphological pheno- 
menon. This was confirmed by electron micro- 
scope research. Furthermore, it was shown that 
the welding method has a fundamental influence 
on the structure of the zone in the centre of the 
joint which has been described. 
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Rapid oxidation of 
titanium 


RESEARCHERS at Oak Ridge National Laboratory 
have found that a titanium valve in a test loop con- 
taining a hot, pressurized solution plus oxygen is 
sometimes destroyed under normal operations by 
a process of rapid oxidation. Similar occurrences 
have been recorded in other centres. 

Dr. E. M. Kinderman, Dr. F. E. Littman and 
F. M. Church of the Physical Sciences Division of 
the Stanford Research Institute, in California, has 
put forward an explanation for the phenomenon. 

Usually, a thin, adherent coating of oxide protects 
titanium and prevents further oxidation. However, 
the team found that, depending on the pressure and 
the oxygen concentration, pieces of titanium would 
ignite and oxidize rapidly, depending on the exposure 
of a fresh, uncoated surface of the metal to oxygen— 
such as when a piece of titanium is ruptured. 

High-speed motion pictures of the reaction were 
taken and showed that the metal burned rapidly 
but very smoothly. This fact plus other accumulated 
data suggests that as the oxides are formed on the 
fresh titanium surface they do not coat the surface 
but are dissolved back into the interior of the metal 
when it is hot enough to be molten. Thus, a con- 
tinually fresh surface is exposed to the oxidation 
process. 

To check this, the researchers tested zirconium, 
the oxides of which are soluble in the molten 
metal, and aluminium, magnesium, tantalum, and 
niobium, none of which has soluble oxides. Only 
zirconium ignited, thus giving indirect proof of the 
mechanism. 
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Metallurgy in nuclear power 
technology 


concluded from page 274 


thus creating two separate concentrates. The five- 
valent vanadium complex is removed first by a 
mild reducing agent such as sulphur dioxide. 
Alternatively, the absorption of vanadium can be 
prevented by reducing it to the quadrivalent con- 
dition before absorption. 


The most important impurity material to be con- 
sidered in treating uranium ores by the ion-exchange 
method is ferric iron. There is a ferric complex 
which is not as stable as the uranium one but has a 
mild affinity for the resin. In a solution containing 
five times as much iron as uranium the final 
absorption on the resin wil! give a yield of 90°, 
uranium and 10 f the pH is moderately 
high, say 4-0. At ver pH, say 1-4-1-5, very 
little iron is absor! In any case, it is possible 
to elute the iron in t ry early stages of cleaning 
out a column. This early eluate can be diverted 
from the uranium mn stream while losing very 
little uraniun 

The actual 
three, and th: 


The elution 


columns are run in sets of 
utlined in fig. 7. 


ing process depends on a 


strong chloride or nitrate solution which breaks up 
the complex into it nents UO,*?* and SO,*-. 
The uranyl ions (now ve) are immediately 


repelled from the positive points of the resin, and 
they tend to form a salt such as UO,NO, or chloride. 
The SO,?> ions are also displaced from the resin by 
the much higher concentration of Cl or NO,' 
ions, bringing th 1 back to its original condi- 
tion. In South Africa ammonium nitrate is used 
for elution. 


Manganese can be recovered from the uranium- 
free effluent from the ion-exchange columns if 
required. 


The eluted uranium in the form of nitrate is 
precipitated with ammonia to give a mixture of 
hydroxide UO,(OH), and diuranate, (NH,), U,O,. 
This is filtered, dried and calcined to U,O,. 


‘Trade Techniques’ 


The South Staffordshire section of the National Trades 
Technique Societies has just published the first number 
of a journal which will be issued to all members of 
N.T.T.S. free of charge. In addition to articles dealing with 
specific subjects, the journal will provide a regular means 
of communicating details of the activities of the N.T.T.S. 
to its members. This first issue includes an article on 
heat treatment by Mr. G. R. Morton. 
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Theory and practice of hammer 


foundations 


P. R. HEAVISIDE, M.Eng., and J. F. WALLACE, Ph.D. 


Methods used in the mounting of the anvil of a forging hammer and the steps taken 


to reduce the transmission of vibrations to the ground are discussed. 
1s applied to the hammer and foundation system and comparative conclusions 


theor) 


Vibration 


for spring and conventional foundations are drawn. Mr. P. R. Heaviside, formerly 
post-graduate student, Mechanical Engineering Department, University of Shef- 
held, is now with English Steel Corporation Ltd. Dr. ¥. F. Wallace is a Senior 
Research Fellow, Mechanical Engineering Department, University of Sheffield 


IT IS THE OBJECT in a drop stam ging hammer 
that the major part of the impact ener zy of the tup 
is used in deforming the work. Even so, under the 
best conditions of forging, a substantial proportion 
of the impact energy is trai tted to the anvil. 
Some of this is dissipated | damping in the 
anvil and the anvil suspensi the remainder is 
transmitted to the founda block and ground. 
The resultant vibrations in t und may be felt 
at a considerable distance a from the forging 
hammer and, in some situ are a constant 
nuisance to adjacent machi! structures and 
dwelling houses. 

Various systems have been suggested for reducing 
the shock and vibration transmitted to the ground. 
Several types of mattresses, ‘ snubber’ boxes, cork 
layers, etc., which provide a degree of isolation and 
damping for the hammer foundation are available 
and a number of vibration-controlled hammers 
mounted on a system of springs and dampers have 
been installed. 

Authorities have stated that an impulse given to 
the ground will induce vibrations at the natural 
frequency of the ground. Values of frequency 
ranging from 5c._s. for soft clay to upward of 30 c./s. 
for granite rock have been given. It is a matter of 
current dispute that an infinite and substantially 
homogeneous mass such as the ground can have a 
natural frequency of vibration. In any case, how- 
ever, a foundation resting on, or in, the ground will 
have a natural frequency determined by the mass of 
the foundation and the effective mass and stiffness 
of the ground under the influence of the foundation. 
To avoid resonance, this frequency, which will be 
excited by the working of the hammer and which 
will be transmitted by the ground, should not be 


close to any frequency of vibration of neighbouring 
machines or structures. 

The effect of any resilient pad or mounting in 
series with the foundation system and ground is to 
alter the magnitude of the force to the ground and 
the frequency of vibration. 


Types of foundation in use 

The traditional method of mounting a forging 
hammer anvil is on a massive reinforced concrete 
block set directly into the ground. A layer of 
timber, with or without one of the many patent 
insulating mattresses, is interposed between the 
anvil and the block. The top few inches of the 
block is usually of special concrete which is able to 
withstand shock transmitted through the timber 
pad. Where the ground has a low bearing strength, 
it may be necessary to pile down to a bed rock or 
cast the block with a larger base area or raft. 
When piles are used the vibrations of the foundation 
block may be transmitted to the underlying strata 
and travel for considerable distances. Various 
recommendations on the mounting of the anvil have 
been made by the National Association of Drop 
Forgers and Stampers and some of these are noted 
in the following. 

It is practice that the ratio of the concrete founda- 
tion to tup weight is of the order of 40 : 1 and the 
ratio of the anvil block to the tup weight is from 
10-20 : 1. 

The timber pad, or cushion as it is sometimes 
called, is normally of oak beams on account of 
durability. The oak should be well seasoned, free 
from shakes, straight in the grain and if possible cut 
on the quarter. Self-contained stamps tend to 
rock from front to back and greater resistance to 
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impingement of the anvil into the pad is obtained 
by the anvil crossing the grain. The top layer of 
timbers, if more than one is used, should, therefore, 
run from front to back of the anvil and not from 
side to side. It is often advised that a layer of 
roofing felt is placed between the timbers and the 
anvil, as this helps to take up any slight unevenness 
that might exist between the two faces. 

Foundations sometimes fail due to scale, which 
has penetrated between the anvil and the block, 
preventing intimate contact of the cushion. As the 
scale works into the space by the action of suction on 
the rebound it is advisable to seal the cushion with 
a plastic compound. The timber should be well 
dressed to give good contact, as any irregularities 
will cause a rocking motion, particularly if the sur- 
face is slightly convex. The timber is often dressed 
slightly concave to obviate this risk. The most 
undesirable features of timber are its instability, 
lack of homogeneity and general roughness. The 
rubberized cotton mattresses that may be used in 
place of, or in conjunction with, timbers have the 
advantages of being unaffected by oil and water, 
being easily replaceable and not requiring the 
dressing, sizing, etc., that is necessary with timbers. 

This type of foundation is widely used but there 
is often the need for greater isolation, especially 
where nearby equipment is being affected by ground 
vibrations. Isolated or sprung foundations may 
then be considered, depending on the ground 
vibration that can be tolerated. 


Insulated foundations 


A degree of isolation of the ground from the 
shock and vibration of the foundation block is 
obtained by surrounding the block with one of the 
many insulating materials available. The founda- 
tion is then referred to as an insulated type. The 
anvil block is supported on the concrete block in one 
of the recognized ways but the block, instead of 
resting directly on to the ground, is set in a concrete 
pit lined with a resilient material. Reinforced 
natural cork is often used as the insulating medium 
in the form of slabs placed under the block and 
around its sides. Various proprietary mattresses 
and materials are also used in the same manner. As 
an illustration, a 20-cwt. stamp installed in 1952, 
consists of the anvil mounted on a layer of ‘ Fabrica’ 
on top of the reinforced concrete foundation block. 
The block is insulated from the ground by a 
* Mellopad’ layer consisting of lead boxes filled 
with a fibrous material. The space around the 
sides of the block is also filled with a similar material 
to isolate the ground from transmitted vibration. 

In recent years vibration theory has teen applied 
to the design of hammer installations and this has 
led to the introduction of fully vibration-controlled 
foundations. By interposing a resilient component 
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of known characteristics between the inertia block 
and ground, the frequency of vibration and the 
force to the ground are reduced. The damping of 
the system can be arranged to give a vibration with 
an optimum characteristic. The cost of this 
foundation is considerably in excess of an insulated 
type, but where ground vibration is important it 
may represent an economic investment. 


Sprung foundations 


The concrete block is reinforced and housed in a 
concrete pit, waterproofed if the base is below water 
level, and supported on helical, leaf or rubber 
springs. The anvil block may be mounted on the 
inertia block either by timbers or a proprietary 
mattress which absorb the shock waves and prevent 
shattering of the concrete, or in some sprung founda- 
tions the anvil is itself mounted on a spring and 
damper system. Damping of the inertia block and 
anvil is necessary so that the various masses are 
brought to rest in time for the next blow. Leaf or 
carriage springs have their own damping properties 
from the friction between the leaves and it may be 
found unnecessary to provide additional dampers. 
If helical springs are used, then ‘snubbers’ in 
the form of some hydraulic mechanism or dashpot 
across the suspension is required to bring the 
system to rest in a few cycles. 

In the design of a sprung foundation, to provide 
balance, the centre of mass of the inertia block is 
made coincident with the point of impact of the tup 
on the anvil. The springing is distributed sym- 
metrically about the centre line and arranged so 
that each isolator carries a portion of the weight 
proportional to its stiffness. 

The important characteristic of a sprung founda- 
tion is that the motion of the inertia block can be 
controlled to give a reduction in transmitted shock 
to the ground but keep the anvil movement down to 
reasonable limits. The shock on the anvil and the 
transmitted energy is absorbed in the movement and 
damping of the inertia block on its springs. Thus, 
the impulse energy is converted to a gradually 
increasing force over a relatively long period giving a 
reduction in the live load to the ground. This 
makes it possible to have the foundation on ground 
unsuitable for other types. Any settling down of 
the anvil or foundation can be rectified as means 
can usually be incorporated to provide a means of 
retaining a level setting of the various parts. This 
should result in reduced maintenance, as the cause 
of many failures is due to high stresses set up by 
misalignment. The reduction in ground vibration 
allows the hammer to be installed in the most 
suitable place for economic production flow. 

The following are examples of some sprung 
foundations. 

An 8-ton forging hammer installed in 1951 in 
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America has a fully-vibration-controlled founda- 
tion. The superstructure of the hammer is mounted 
on a concrete block free of the anvil and surrounding 
it. Both this block and the anvil are mounted 
independently on a lower inertia block by rubber 
springs. The lower inertia block is in turn mounted 
on helical springs at the bottom of the foundation 
pit. The advantages claimed by this method of 
mounting are that all parts are accessible for main- 
tenance should a failure occur, and that all parts of 
the installations are adjustable for movement. The 
considerations to be given in a design such as this 
are the shocks imposed on the foundation on impact, 
the elimination of ground vibrations, the control 
of movements and loads in all directions, and the 
need for guarding against fatigue failure of the 
concrete. It is stated that the various frequencies 
of oscillation of the masses had to be arranged to 
miss the natural frequency of the ground which is 
said to be 8-5 c./s. 

A 2-ton Davy United steam hammer with a 
42-ton anvil block has been operated on a spring 
foundation for some years. The anvil block is 
surrounded by a steel grillage attached directly to 
a suspension system consisting of six large leaf 
springs. The superstructure of the hammer is 
mounted on four R.S.J.s and counterbalanced by 
a steel box filled with scrap. ‘The arrangement is 
supported by a similar method to the anvil using 
tension bars and leaf springs. ‘The hammer is, 
therefore, divided into two distinct parts, namely 
the anvil and the superstructure, the connection 
between the two being the concrete foundation pit. 
Horizontal oscillations are controlled by steel-wire 
ropes in tension attached to a set of leaf springs in 
the horizontal plane. The springs also act to 
provide control of the rotational! oscillations and 
extra damping is unnecessary, as the friction be- 
tween the leaves proves to be adequate. The 
natural frequency of the ground is said to be 10 c./s. 
and the whole system is designed to give a natural 
frequency of 3 c./s. 


Theory of hammer foundations 


The design of a hammer foundation is determined 
by the requirements of hammer performance, the 
characteristics of environment and the degree of 
ground vibration that can be tolerated. The appli- 
cation of vibration theory to a design may make it 
necessary to idealize the actual features of the 
installation, but nevertheless the use of this theory 
should enable some estimate to be made of the 
performance of the foundation. 

If the period of impact of the tup on the anvil is 
small and the anvil is set in motion quickly com- 
pared to the resulting oscillations of the anvil, the 
principle of Conservation of Momentum may be 
used to find the initial anvil velocity. 
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1 Idealized system of hammer foundation 


Let e coefficient of restitution 
u, = velocity of tup before impact 
v, = velocity of anvil after impact 
k = mass ratio of anvil to tup 
then it can be shown that: 

u, (1 + e) 

v, = —— 
(1 + R) 

In the case of a gravity drop stamp, the impact 
velocity of the tup u, can be calculated using the 
formula 

uy \ 2gh 
where h = height of fall of tup 

The coefficient of restitution will have to be 
judged from the type of work being forged and will 
probably be in the region 0-4-0-5 (Andrews and 
Crockett'). For closed dies the value will approach 1. 

The foundation of a forging hammer can be 
considered as a system built up of various masses 
and springs. An anvil resting on a timber pad on 
top of a ground foundation can, for simplicity, be 
idealized, neglecting damping, as the mass m, on a 
spring of stiffness k, as shown in fig. 1. Assuming 
the ground foundation to remain steady, then the 
equation of motion for the mass m, is given by: 

d*x 
m—+ kx=o 
dt® 

The starting conditions are that at time ¢ 0, 
x = o and dx/dt = v (the initial anvil velocity). 

The displacement of the anvil is given by: 

x = asin of 

where w = 2nf and f = natural frequency of the 

mass on the spring. 

This gives a = v/o 
i.e. the maximum deflection, a is inversely propor- 
tional to the natural frequency of the anvil on 
its spring. 

Under real conditions the concrete foundation 
block does not remain steady and the arrangement 
of the anvil on top of the resilient foundation and 
ground, if the ground and foundation are taken 
together to oscillate as one unit, is represented by 
a spring system, as in fig. 3. To analyse a practical 
case, some estimate of the stiffness and the weight 
of the ground oscillating is required. 

If the effective mass of the ground oscillating 
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3 Arrangement of anvil resting on loading block 


with the foundation is increased, then the natural 
frequency of vibration of the system is reduced. 
In fig. 2, the natural frequency of the system shown 
in (a) is given by p/2= where p* = k,/m,. If, how- 
ever, the spring has a mass as in (b), then an 
approximation of the reduced natural frequency is 
given by p* ks/ms + m,. (Note: The mass ms, 
is not the actual mass of the spring.) 

In a foundation system, both the effective mass of 
the ground m, and the effective stiffness of the 
ground &,, are a function of the load m,. Reliable 
data on the relation of these does not seem to be 
available. Some conclusions drawn by Eastwood? 
on tests made on model foundations showed that it 
was not possible to estimate the effective volume (or 
mass) of ground acting in the vibration, since this 
appears to vary with loading, area of foundation 
and spring stiffness of the soil. 

The two-mass and spring analogy also applies to 
the arrangement when the anvil rests on a loading 
block or inner foundation, and the outer foundation 
and ground is assumed to remain steady. Such a 
system is shown in fig. 3. 

The analysis of the two-mass system is the 
solution of a pair of 2nd-order differential equations. 
The starting conditions are that, by the impact of 
the tup, the anvil receives an initial velocity v at 
time f = 0. 

The equations of motion are: 

m.d?x,/dt® = k, x, — (R, + Re)Xe 

m,d*x,/dt® = k, x, — k,x, 
and the frequency equation is given by: 

k, k, +k, hike 
wt - |— + ——] wo? + —=0 
m, mM, mm, 

giving two roots «, fundamental 
«, 2nd mode 
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4 Force-time characteristi 


1) Force in undamped linear spring 


2) Force in similar spring with damping 
3) Force in damper 
4) Sum of damper and spring forces (2) and (3 


The complete solutions are of the form: 
x, = A,cose,t + Bysine,t + A,cosast + B,sinwst 


X» 1, A, coset 2, B,sinw,t oA COS! 
toB sine dol 

Substitution of the starting conditions: 

t=0o x,=-0 dz,jdt=v0 

t O X, 0 dx, dt oO 


gives the equations 
x, = B,sinw,t + B,sinw,t 
X, = 4, B,sino,t — +,B,sinwot 
The displacement of the anvil at any time is the 
resultant of the movement of the anvil and the 
movement at that time of the inertia block from 
their mean positions. If the displacement of the 
anvil from its mean position exceeds the static 
deflection on its spring, then the anvil will leave the 
mounting on rebound and bounce. The condition 
for no anvil bounce is that the kinetic energy of the 
anvil on passing through its static deflection position 
on rebound is less than the energy stored in the 
spring in the static position, 1.e.: 
WV? kx, 
—— <— (g is the gravitational con- 
2g 2 
stant) giving V* < g x; 
and substituting 


l+e ene 
V U 14 Whe and U \ 2gh 
xs(1+ Wie)? 
gives h - 
a1 + e? 
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5 Force-deflection characteri 


Considering the case 


h height of fall of u 

e coefficient of restit 0-5 

Wo = anvil to tup ratio 

This gives x, the static det to be greater 


unce, which 
the anvil on 


than | -2 in. if there is to be n 
corresponds to a natural fr: 
its spring mounting of 3 

The effect of damping is | 
energy in the system so th 
anvil bounce not to occur, d: 
static deflection to be used 

Damping across the ine 
reduces the maximum de‘i 
can, therefore, be considered | 
mass. Thus the mass of 
maximum deflection is less in « damped system. 

The force transmitted through a spring and 
damper system is the vector sum of the spring and 
damping forces. Viscous damping, being propor- 
tional to velocity, gives a maximum damper force 
at maximum velocity and force when the 
damper is at rest. The force transmitted by the 
springs is a maximum at maximum deflection and 
is, therefore, reduced when the maximum deflection 
is reduced. These force-time characteristics are 
shown in fig. 4. 

Further, considering the force-deflection charac- 
teristics in fig. 5. 

For the undamped spring, the deflection is given 
by OB and the force in the spring by BC. Damping 
of the system reduces the deflection to OA and the 
force in the spring to OD. The damper force at 
zero deflection, assuming the mass to obtain an 
instantaneous velocity as in the case of an anvil, 
is OE and reduces to zero at deflection OA when 
the damper is at rest. The sum of the damper and 
spring forces is shown by the curve ED. 

The energy absorbed in the system is the same, 
and for the undamped spring is given by the area 


rb some of the 
condition of 
ws a smaller 


ck suspension 
the block and 
rease its effective 
block for a given 


6 Evaluation of a two-mass system without damping 


OCB and for the damped spring by area OEDA. 

Evaluation of the equations of a two-mass system 
without damping with conditions appropriate to a 
conventional hammer with a foundation frequency 
of 18 c.'s. and a spring hammer with inertia block 
frequency of 3 c./s. are shown in fig. 6. 

A reduction in force to the ground is obtained 
with the spring-mounted hammer but with a cor- 
responding increase in total anvil movement. A 
foundation frequency considerably lower than 18 c./s. 
could be obtained on soft ground, with the con- 
sequent reduction in force to the ground but ground 
movements would be large. The effect of an inertia 
block and spring system is to confine these large 
movements to the inertia block mounted in the 
foundation pit. It can also be seen from fig. 6 
that increasing the mass of the foundation or inertia 
block, whilst maintaining the same natural fre- 
quency of oscillation, increases the load to the 
ground but reduces the total movement. Providing 
damping is sufficient to bring the anvil and founda- 
tion block to rest before the next blow and the 
p2riod of anvil oscillation is large compared with the 
duration of the blow, a large anvil movement should 
have a negligible effect on the mechanics of the 
forging operation, although it may be objectionable 
from the operator’s point of view. 

In application of the analysis due regard should 
be paid to the assumptions made. An anvil resting 
directly on a timber pad will make contact over only 
a fraction of the area of the anvil base. As the load 
on the anvil varies, this area of contact will alter and 
give the effect of a variable rate spring. Water 
content, ageing, etc., of the timber will also affect 
its characteristics, making it impossible to pre- 
determine the effective stiffness of the pad and, 
therefore, the vibration of the anvil. Further, 
accurate analysis of a vibration controlled foundation 
would involve consideration of a third mass and 

continued on page 288 
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Large-scale 
radiograph 


Tue Allis-Chalmers Manufacturing Company in 
the U.S. has recently designed and built the world’s 
largest radiograph for non-destructive testing. It 
is made for use in the company’s latest develop- 
ment, the ‘ Magna Scanning ’ technique, which is a 
combination of two regular industrial radiographic 
techniques, 1.e. magnification and scanning, and a 
company-developed 22-MV. betatron is used. 

The magnification effect is accomplished by 
direct geometrical enlargement with the film placed 
at some distance away from the specimens. A fine 
focal point is a necessity in this technique, as well 
as a minimum of secondary scattering. This tech- 
nique is used in industrial radiography when high 


Theory and practice of hammer 
foundations 
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spring, 7.e. the foundation pit and ground. The 
solutions of three-mass system equations, especially 
with damping, are complex and with the present 
uncertainty of the performance of the ground may 
not yield useful information. 

The results given in fig. 6 are for an undamped 
system and the addition of suitable damping will 
alter the forces and deflections. Thus, only a com- 


parative estimate can be made of the effects of 


inertia block mass and spring stiffness on the 
hammer performance. In practice, however, the 
frequency of vibration is probably the most im- 
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A large radiograph made for di 
the new technique cn industrial type A film, 40-in. wide 
and 120 in. long, supplied by the Eastman Kodak 


splay purposes, incorporating 


Company. The specimens are two rifles supplied by the 
Winchester Arms Division of Olin Industries. The target 
to specimen distance was 4 ft. and the target to film 
distance was \2 ft., resulting in a magnification factor of 3 


sensitivity, definition and detail is desired. Details 
of flaws down to 0-001 in. have been observed. 

The scanning technique is similar to the old 
panorama picture method, in that the betatron is 
rotated during the exposure, just as the camera was 
rotated while the lens was open. The requirement 
is that the focal spot must remain effectively fixed 
in space while the betatron rotates, with only the 
direction of the emitted X-ray beam changing. 

Industrially, scanning is frequently used to 
radiograph long sections whose thickness do not 
vary more than 50 It is also applied with 
success to repetitive jobs where a large number of 
similar pieces are inspected. 


( 


portant factor to be considered and this is not 
significantly affected by normal damping. 

Whilst it is desirable to determine the natural 
frequency of vibration of equipment, etc., likely to 
be excited by the working of the hammer, in many 
cases a complete survey may not be possible. The 
advantage of a spring foundation is that the fre- 
quency of vibration transmitted to the ground can 
be altered after installation. 
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Colour television 


MANY INDUSTKIES are now using closed-circuit 
television for controlling processes which are either 
inaccessible or too dangerous for direct observa- 
tion. While monochrome television is quite ade- 
quate for most applications in industry, there are 
occasions when colour will convey the information 
required with much greater effect. In the steel 
industry, for example, it is frequently necessary to 
begin a certain process when the metal reaches 
‘white heat.’ A colour television camera in pro- 
tective housing can be placed in a strategic position 
to relay pictures of the process to enable the 
operation to be carried out without any risk to 
operators, and with as great accuracy as if they 
were on the spot. This is only one possible appli- 
cation in industry. 

Perhaps the most widely publicized use of colour 
television to date is in hospitals and medical insti- 
tutions, where a closed-circuit installation enables 
operations to be watched in full colour by a larger 
number of people than would be possible by any 
other means. 


British colour television camera 

An all-British colour television camera, used 
recently to give close-up views of surgical opera- 
tions and clinical procedures at Hammersmith 
Hospital to large audiences of doctors, was on view 
for the first time at the Instruments, Electronics 
and Automation Exhibition, at Olympia last month, 
on the stand of the manufacturers, E.M.I. Elec- 
tronics Ltd. Following the I.E.A. Exhibition, a 
mobile unit will tour Great Britain demonstrating 
how closed-circuit colour television can be used in 
industry. 

The E.M.I. colour camera, which is light and 
compact, uses three vidicon tubes and a new 
optical system, several times more efficient than 
relay lens systems, which has been designed so 
that the maximum amount of light falls on the 
photo-conductive surfaces of the vidicons. This 
gives an improved colour quality, even under 
difficult lighting conditions. The versatile design 
makes the system suitable for broadcasting as well 
as for use on closed circuits. The camera will 
operate on 405-, 525- or 625-line standards and a 
colour display can be projected on to a 6 ft. by 4 ft. 
screen. 


Eidophor large-screen system 

Recently a new system of projection television in 
colour, employing a principle so far unexploited, 
though first devised in 1939, was demonstrated in 
London. In this system, the Eidophor, a film of 
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1 E.M.1. colour television camera 


oil, electrostatically modulated, is used to control 
the reflection of a powerful light-source on to a 
mirror, the resulting modified reflections being 
transmitted through an optical system to a cinema- 
sized screen. 

The basic principle was devised by Dr. Fritz 
Fischer, of the Swiss Federal Institute of Tech- 
nology in Ziirich. Many years of work by Dr. 
Fischer, until his death in 1947, resulted in this 
new principle being brought very close to the stage 
where it could be used in a practical way; and in 
1951 the firm of Dr. Edgar Gretener A.G., of 
Ziirich, secured the backing of CIBA, the Swiss 
chemica! combine, in bringing Dr. Fischer’s inven- 
tion to the stage where it could be shown in public 
and successfully used for the special purposes for 
which it is particularly suitable. 

The Eidophor projector represents a control 
layer system. A powerful light-source emits a 
modulated beam which is reflected through a 
special system of mirrors and lenses from a film of 
oil on a concave mirror, and illuminates the screen. 

The film of oil on the mirror is bombarded by 
an electron beam from a television camera tube. 
The ‘ wrinkles ’ which are set up by this bombard- 
ment of the oil film cause the light to be varied in 
such a way that the picture is produced on a screen 
either in black and white or in colour. 

Thus the amount of light provided by the tele- 
vision projector is not, as in normal projection 
television systems, limited by the intensity that can 
be produced on a cathode-ray tube, but in theory 
can reach any level required; the Eidophor system 
as at present developed enables a colour picture of 
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2 The Eidophor principle: 1 Light 
source; 2 Condenser lens; 3 Picture 
window; 4 Lens; 5 Mirror bar 
system; 6 Spherical mirror ; 
Eidophor picture window; 8 
Objective or projecting lens; 9 
Screen; 10 Cathode ray; 11 
Electron gun 


12-16 ft. to be projected on to a theatre screen, or 
a black and white picture 24 ft. by 32 ft.; and this 
picture has a contrast of 100 to 1 between the 
blackest and the whitest part, which is equivalent 
to that obtained in normally good cinema projec- 
tion, and is far greater than that available from the 
projection-type tubes so far used. 

So far, the system as described could be used 
for the projection of television pictures from an 
ordinary black and white television broadcasting 
system. For colour television, the system is suit- 
able, at the moment, for use on closed circuits 
only, since it employs the sequential system which 
is not generally used for colour television in broad- 
casting 

In this sequential system there are two rotating 
colour-wheels, one in front of the camera and one 
in front of the projector window. These are 
arranged to run exactly in step with each other. 

The camera lens sees the picture first through a 
red filter, and the timing of the scanning and the 
rotation of the wheel is arranged so that the camera 
scans the complete field of vision while the red 
filter is in front of it. The red filter on the pro- 
jector is also in front of the lens at this instant, 
and thus a red picture is projected on the screen 
A fraction of a second later the camera is viewing 
the scene through a blue filter and, later again, 
through a green filter, and so the viewer is sub- 
jected, in rapid succession, to red, blue, and green 
pictures on the screen. 











july, 1960 


The eye supe 
of each other, 
duced. As there 
on the pri 
size of screen 1 


ses the three pictures on top 
full colour effect is then pro- 
bviously some loss of light 

to the colour-filter wheel, the 
can be covered when using the 


continued on page 293 


3 The external 
view of 
Eidophor 


projector 














july, 1960 


‘Fibre’ metals 


A NEW POROUS METAL product has recently been 
developed by the Armour Research Foundation of 
Illinois Institute of Technology. The process, 
called ‘ fibre metallurgy,’ enables the product to be 
manufactured in the form of continuous sheet or in 
intricate shapes and promises to become a useful 
asset to the filter industry as well as in numerous 
special structural applications. 

According to Robert H. Read, assistant super- 
visor, powder metallurgy, of the Armour Research 


or cutting into discrete lengths, metal filaments, 
wires or metal-wool strands that are manufactured 
by a shaving or scraping proce: 

The range of fibre sizes from which useful 
porous materials can be made is very broad; most 
fibres have diameters from 0-001-0-020 in. and 
lengths from 0-03-1-0 in. Fibres made from wires 
have regular cross sections and smooth surfaces, 
while those from wools are irregular in cross section 
and have rough surfaces. 


Method of manufacture 


The fibres are felted to obtain a uniform, ran- 
domly interlocked mass. A felt may be formed by 
depositing the fibres from a slurry in a porous mould. 
The fluid is withdrawn from the slurry through the 
mould. Fibre deposition is uniform and regular. 
If insufficient excess fibres have been deposited at 
any site, the slurry carries more fibres to that spot. 
Similar, though less uniform, felting may be ob- 
tained simply by shaking the fibres on to a mould. 
The porosity of the felt, determined by the fibre 
length and other parameters, may be as great as 
97°.,. The felts may be very complex in shape, very 
large in size, in the form of a continuous strip, and 
may be compacted by pressing in dies, rolling, 
extruding, etc., if further densification or shaping 
is required. 

The felted fibres are sintered in a reducing atmo- 
sphere at temperatures sufficiently high to obtain 
metal diffusion and substantial metallic bonding 
where fibres contact one another. This critical step 
transforms the loose felt into a comparatively rigid 
three-dimensional fibre network. Depending upon 
the length to diameter ratio of the fibres and 
the density of the porous network, each fibre may 
be bonded at as many as 100 points to neighbouring 
fibres. Therefore, even though the bonds are not 
individually as strong as the fibres, the network is 
strong because of this multiplicity of bonds. 

The sintered metal fibre bodies may be further 
compacted, rolled, machined, welded, brazed, or 
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1 Dr. R. H. Read, at the Armour Research Foundation of 
Illinois Institute of Technology, U.S.A., pouring water 
through a rigid, uniformly porous piece of fibre metal 


treated in a variety of ways to fabricate finished, 
useful components having porosities of from 5-97° 
pore sizes. Some of the materials which have thus 
been treated are lead, copper, iron, nickel, and 
cobalt-base alloys, titanium, and molybdenum. It 
appears that no metal or alloy is impossibie to treat 
fibre-metallurgically although those which form 
stable surface oxide films, 1.e. aluminium, are 
difficult to sinter. 


Properties of fibre metals 

The finished fibre-metal products may look and 
feel like a metal sheet, but have less than 10°, of 
the density of the metal. Or they may have a 
comparatively high density but also a high per- 
meability so that gases of fluids readily flow through. 
No other method produces, by a single technique, a 
comparable range of densities for a metallic material. 

It has been pointed out that the product is a con- 
tinuous metal network; it follows that the pores are 
continuous and that there are no biind pores as in 
porous metal powder products. Because of the 
high permeability thus achieved and the high 
strength which results from the multiplicity of 
bonds, fibre metallurgy could produce an improved 
metallic-filter material. There is the further ad- 
vantage that metal fibres could be prepared at low 
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2 Polished and etched cross section of brass fibre metal 


showing pores and bonds between fibres. 60°, density, 
90°,, Cu, 10°, Sn. Original 75, half-scale reproduction 


densities or high porosities which are virtually 
impossible for powders. In addition, the individual 
metal fibres, bonded at many points, are not so 
likely to become dislodged into the downstream 
side of a filter as are powder particles bonded at 
fewer points. 


Other potential applications 


The structure of these materials suggests that 
acoustical vibrations may be very effectively dis- 
sipated, particularly by the low-density compacts. 
A good sound absorber with good, high-tempera- 
ture, corrosion-resistant properties could have use- 
ful applications. Some preliminary test specimens 
made of stainless steel have been examined and it 
has been found that, for example, the absorption 
coefficient for 1,800 c..s. sound was 0-94 at room 
temperature and 0-87 at 430°C. In other words, 
about 90°,, of the impinging sound energy was 
absorbed, a value comparable to that obtained for 
unbonded glass fibres. Similarly good values were 
measured at temperatures near 800 C. With further 
development, it is anticipated that even better 
fibre-metal acoustical materials can be produced. 

Fibre-metal materials also absorb mechanical 
vibrations, i.e. they have a high internal damping 
capacity. This property is of value for a structural 
material in the mounting of machinery or electronic 
components to protect them from vibration. An 
investigation of the capacity of fibre-metal materials 
to serve as a vibration-absorbing electronic chassis 
has been initiated. In first tests, they found that a 
stainless-steel fibre sheet had an internal damping 
capacity six times greater than that for aluminium 
sheet of the same weight. The strength of the fibre 





3 Open structure of fibre metal body. 
scale reproduction 
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material requires 
expected to be difficult t 


vement, but this is not 
) obtain. 


\re-metal materials are con- 
to-volume ratio of fibres is 
fibre material has a very large 
surface area I atalysts, separators, battery 
plates, and many other applications, such high sur- 
face areas are desirable. Fibre-metal materials can 
provide this attribute in conjunction with good 
structural characteristics 


Since the pores 
tinuous and the surf 
high, a porous meta 


For good automotive storage battery cells, a 
conducting network of lead which holds an active 
impregnant is required. Present cells contain a 
waffle-shaped lead plate which carries the active 
material. A promising cell containing an impreg- 
nated lead-fibre network was constructed by 
Foundation metallurgists. There is not yet con- 
clusive evidence, but the new cells should be less 
prone to drop the active material and thereby 
shorten cell life. ; 


Metal-fibre-reinforced materials 


Composite materials such as metal-ceramic mix- 
tures are often required to satisfy the demands of 
special applications for which no single homo- 
geneous material is satisfactory. Metal-fibre net- 
works make possible an entirely new family of 
composites; if the pores of fibre-network materials 
are completely filled with a second material such as 
plastic, then the metal and plastic form continuous, 
interpenetrating networks. This unusual composite 
configuration has not been possible for other tech- 
niques. Some of the advantages of the impregnated 
fibre-network configuration are apparent in a con- 
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sideration of a few of the potential new composite 
engineering materials. 

Metal-fibre-reinforced plastics may have better 
impact strength, fatigue strength, and wear re- 
sistance than glass-fibre-reinforced plastics, as well 
as being good conductors of heat and electricity. 
The automotive industry is now experimentally 
using metal-fibre-reinforced plastic to make sheet- 
metal-forming dies for short-run operations. Wear 
resistance and strength are good. An added benefit 
is gained in the curing of large plastic bodies by 
transmission of the heat from the interior sections. 

Some plastic materials, such as Teflon, are good 
gasket materials, but are not sufficiently rigid for 
many applications. Metal-fibre reinforcement can 
increase their strength and them much more 
useful. 

Experimental work is 
Armour Research Foundatio: 
lead can be reinforced by a 
work without loss of resist: 


nducted at the 
etermine whether 
’ metal-fibre net- 
hemical attack 


or of nuclear-shielding pr Magnesium 
metal reinforced with a stec!-fibre network does not 
have superior strength-to-weight ratio, but has 
improved elastic modulus and impact strength. It 


is interesting to note that when the modulus is 


Colour television 


concluded from page 290 
closed-circuit colour system somewhat smaller 
than that for black and white 

Although the Eidophor projector is, at its present 
stage of development, somewhat complex and needs 
the services of skilled operators, it has already 
proved of value in demonstrations, on a closed 
colour circuit, for professional and educational 


purposes. 


* Sticky problems’ 

A recent demonstration of the Eidophor equip- 
ment was given in London recently by CIBA (A.R.L.) 
Ltd. It was used to televise, and project in colour 
for viewing by an audience, speakers demonstrating 
the use of synthetic resin adhesives. 

The first speaker was Dr. N. A. de Bruyne, who 
gave an overall picture of the fundamental prin- 
ciples of adhesion in astonishingly simple language 
and with many elegant demonstrations. 

Mr. C. A. A. Rayner, CIBA (A.R.L.) research 
manager, then made some observations on the 
testing of bonded joints and the photo-elastic 
investigation of joint stresses. 

Finally, Mr. R. H. Wilson, CIBA (A.R.L.) sales 
manager, showed some practical examples of the 
use of synthetic resin adhesives. They included 
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measured by the frequency response or dynamic 
method for these composites, multiple answers are 
obtained. A frequency-response peak may occur 
for each of the continuous compunents and another 
results from the characteristics of the total com- 
posite. This reinforced magnesium is being given 
consideration as a lightweight armour because of 
the modulus and impact propertics. 

Metal-fibre-reinforced ceramics are one of the 
most interesting new possibilities resulting from the 
development of fibre metallurgy. The incorpora- 
tion of a uniform, fine-metal skeleton in a refractory 
ceramic can almost certainly improve strength, 
shock resistance, and thermal properties. It is 
possible that materials analogous to prestressed, 
reinforced concrete can be developed for even 
higher strength. Thermal and shock property 
improvements should result simply because of the 
continuity of the metal reinforcement. 

Although it is easy to see the value of a new metal- 
ceramic composite at a time when materials for 
very high-temperature use are needed, such com- 
posites are difficult to fabricate. The details of 
fabrication are now being studied, and new 
materials for testing are expected to result in the 
near future. 


resin-bonded aircraft components, honeycomb, 
clutch and brake assemblies, chipboard, flush doors, 
laminated timber beams, resin glasscloth models 
and motor-car components, and a model of the 
C.N.7, the car with the Aeroweb honeycomb 
structure in which Mr. Donald Campbell is to 
attempt a new land speed record this summer. 

‘ Aeroweb’ Honeycomb is a lightweight core 
material made by folding and bonding an alu- 
minium foil into a low density structure. This 
material when cut and bonded with ‘ Redux’ into 
‘sandwiches’ as a core material enables very 
strong, lightweight panels and perfectly smooth 
aerodynamic surfaces of double or single curvature 
to be made. 


New company 
Erco Ltp. and Stein & Atkinson Ltd. announce that 
they have joined forces in a new company, Foundry & 
Metallurgical Equipment Co. Ltd., with headquarters at 
Netherby, 161 Queens Road, Weybridge, Surrey. 

is company will design, manufacture and supply an 
extensive range of foundry equipment. In addition, they 
will manufacture and supply, under licence, the Efco- 
Diamond rotary reactor for desulphurizing iron and steel 
by a new method developed in the U.S.A. by the Diamond 
Alkali Company. The company will also offer complete 
hot-blast cupola plants. 

The directors of the new company are: Mr. D. F. 
Campbell (chairman), Mr. C. J. S. Atkinson, Mr. J. A. 
Monks and Mr. C. H. Williams. The consulting metal- 
lurgist is Dr. A. G. Robiette. 
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Rhenium 


The use of rhenium is restricted by price and scarcity, 
but the outstanding properties of alloys of this refrac- 
tory metal are leading to its utilization in specialized 
applications. Some of these applications were 
described by Mr. John Port, chief metallurgist, 
Rhenium Development, Chase Brass & Copper Co., 
U.S.A., in Materials in Design Engineering, June, 
1960, on which the following summary has been based 


ALTHOUGH RHENIUM has the highest melting point 
(3,170°C.) of the refractory metals, excluding 
tungsten (3,380°C.), it is still too scarce and expen- 
sive to be considered for general design applications. 
However, for many specialized applications the use 
of rhenium-base alloys and other alloys rich in 
rhenium is justified by their outstanding properties. 

Other properties combine with the high melting 
point to make rhenium unique among the refractory 
metals. The following are its principal attributes. 

1. The most refractory of the metals that can be 
electrodeposited from an aqueous solution. 

2. Superior to tungsten in resistance to deteriora- 
tion caused by the ‘ water cycle.’ 

3. Low contact resistance. 

4. Does not form stable carbides. 

5. Greater ductility at room temperature than 
tungsten. 

6. Good thermoelectric properties when joined 
with tungsten or molybdenum. 


Mechanical properties 

Rhenium and its alloys have high mechanical 
properties. Properties of rhenium are summarized 
in Table 1. Rhenium, molybdenum-rhenium 
alloys and tungsten-rhenium alloys have greater 


TABLE 1 Room-temperature properties of rhenium 
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room-temperature ductility than either tungsten or 
molybdenum. 

Yield-strength data lacking. One of the drawbacks 
of almost all elevated temperature data is that yield 
strength, the essential design criterion, is not re- 
ported. Instrumentation difficulties combine to 
make determination of yield data extremely difficult 
at the high temperatures at which these tests are 
made. However, some effort should be made in 
future investigations to report yield properties so 
that designers and engineers may accurately 
determine where these highly refractory metals 
may be applied. Since tensile strength is not a design 
criterion, rhenium al! must be applied empiri- 
cally until yield-stren iata are available. 

Transition temperature. Rhenium, when alloyed 
with molybdenum or tungsten, significantly lowers 
the ductile-to-brittle transition temperature of these 
metals (see Table 2 This suggests that alloying 


TABLE 2 Ri im cor ffects transition temperature 





rransition temperature, F 











Wrought Recrystallized 
Tungsten 194 626 
Tungsten-30°., Re —130 212-482 
Molybdenum —220 86 
Molybdenum-35 Re -274 —328 





of rhenium be explored further to determine whether 
or not a similar effect can be found in other metal- 
rhenium combinations. 


Welding filler metal 

One of the most significant advances in joining 
molybdenum components has been made with the 
molybdenum-35°,, rhenium alloy. When this alloy 


led | Annealed | 10°, Cold | 20 





Cold — 
Condition rod* sheett rolled sheett rolled sheett 
Yield strength (0-2°, offset), 1,000 Ib.'sq. in. 46 39 255 274 
Ultimate strength, 1,000 Ib./sq. in. : 164 150 272 287 
Elongation (in 2 in.), °, .. 24t : 19 3 2 
Modulus of elasticitv. 10° Ib.'sq. in... — 66-7 2% a _ _ 





* Strain hardening exponent, m, is 0-353 
t 5-mil sheet 





¢ In } in. 


§ Modulus is 54 10* at 1,616 °F. 
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is used as filler metal in tungsten inert-arc welding, 
resulting weldments are found to have startling 
ductility at room temperature. The possible appli- 
cations of molybdenum are broadly increased as a 
result of the increase in ductility of molybdenum 
weldments. : 5 

Tests at Marquardt Corporation on molybdenum- 
0-5°,, titanium that had been tungsten inert-gas 
(TIG) welded with molybdenum-35°,, rhenium 
filler wire disclosed that the weldment contained 
three zones: two strong, relatively ductile regions 
—the cold-worked parent metal and the alloy-weld 
metal—and the heat-affected zone, which is re- 
crystallized molybdenum and is less ductile. Further 
research to overcome the embrittlement of the 
heat-affected zone is now in progress. 

Future developments. Several welding research 
areas suggest themselves: 

1. TIG welding of tungsten components using 
a tungsten-30°,, rhenium filler wire. 

2. Electron beam welding with a rhenium-alloy 
filler wire to minimize the heat-affected zone so 
that its effect will be insignificant. 

3. Welding with an alloy rich in rhenium, at- 
tempting to diffuse the excess rhenium into the heat- 
affected zone. The object would be to either 
eliminate the heat-affected zone or increase ductility 
of the heat-affected zone to the level of the weld 
and parent metal. 


Thermocouples 

Rhenium-tungsten and rhenium-molybdenum 
thermocouple combinations provide a significant 
breakthrough in the accurate measurement of ex- 
tremely high temperatures. Optical pyrometers, 
while useful, have three important drawbacks at 
very high temperatures: (1) Errors often result 
from sighting through furnace fumes and glass 
enclosures; (2) the metal being observed may 
sublimate; and (3) such pyrometers are not easily 
installed on laboratory scale equipment. 

Investigation has disclosed that: 

1. Rhenium thermocouples are reliable for tem- 
perature measurement in vacuum, hydrogen, or 
inert atmospheres. 

2. Rhenium-tungsten thermocouples may be 
used up to 2,200°C.; the flat response of rhenium- 
molybdenum couples above 1,760°C. limits them to 
that temperature maximum. 

3. Rhenium thermocouples are thermally stable 
and their calibration is reasonably reproducible. 


Electrical contacts 

Use of rhenium for contacts is the subject of ex- 
tensive, but largely unpublished, investigation. The 
high strength and hardness of rhenium provide 
excellent wear resistance in contacts required to 
* make and break’ repeatedly for a large number of 
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cycles. The relatively low contact resistance re- 
mains substantially unchanged during use at 
moderate temperatures because of the metal’s good 
oxidation and corrosion resistance. An additional 
reason to consider rhenium for contact applications : 
the small amount of rhenium oxide that may form is 
conductive and has nearly as low resistivity as 
rhenium itself. 

This combination of properties has led to the use 
of rhenium as a contact material in marine magnetos 
and other similar applications. Improvements in 
contact life have not been stated. In another 
severe service application, however, rhenium con- 
tacts outlasted platinum-palladium contacts by a 
factor of 20 in accelerated contact tests. 


Filaments 

Electron tube heaters. The three principal 
advantages that rhenium enjoys over tungsten are 
that it: (1) Has greater resistance to the ‘ water 
cycle ’ effect (at red heat, water vapour breaks down 
to hydrogen and oxygen, promoting continuous 
oxidation); (2) does not form stable carbides; and 
(3) does not become brittle upon recrystallization. 

Cathode heaters. Rhenium’s usefulness as a 
cathode heater is due to: (1) A resistivity about 
twice that of tungsten at 700-760°C., making it 
possible to use a larger diameter wire; (2) more 
ductility after hydrogen firing than tungsten and 
therefore greater ease of assembly; and (3) greater 
resistance to the water cycle, which allows a 
rhenium heater cast in alumina to operate for as 
long as 1,000 h. with no sign of deterioration. 
Tungsten, after a similar time interval, would show 
signs of pitting. 

Mass spectrometer filament. An electron emitter 
is needed on mass spectrometers in order to ionize 
the specimen being analysed. Resistance of 
rhenium to the water cycle is a major advantage in 
mass spectrometry, since many samples contain 
small amounts of water. 

Tungsten filaments tend to form carbides, 
rhenium does not form carbides and is less sus- 
ceptible to accidental burn-out. 


Contract for coil annealing plant 


The Incandescent Heat Co. Ltd., Smethwick, has been 
awarded a major contract for the new Spencer steelworks 
of Richard Thomas & Baldwins Ltd. at Llanwern, near 
Newport, Mon. The contract is for coil annealing plant 
with an output of 16,500 tons of 60-in. wide strip a week 
nearly 100 tons an hour). In all, 30 furnaces will be 
supplied, of single- and four-stack designs, together with 
furnace bases, forced cooling hoods and other ancillary 
equipment. 

The complete contract, which is worth more than 
£14 millions, is believed to be the largest single order for 
steel sheet annealing plant ever placed in Great Britain. 
The new steelworks is scheduled to commence operations 
in October, 1961 
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Quenching 


aluminium sheet 


Eliminating distortion during 
heat treatment 


RESEARCH ENGINEERS of the Aero Space Division of 
the Boeing Airplane Company in the United States 
have recently developed a new technique for the 
elimination of heat-treatment distortion in thin- 
gauge aluminium sheets utilizing die steel spacer 
springs. 

Heat-treatment distortion in aluminium sheets, 
10 to 60 thou. thick, has long been a trouble spot 
in aircraft manufacture. General-purpose alu- 
minium heat-treating furnaces usually have heavy- 
bottomed racks of steel mesh and _ structural 
members. When the racks, with sheets suspended 
by overhead clamps, were plunged into the cold 
water quenching bath, their bulk created a turbu- 
lence that often warped thin sheets and tore them 
from their supports. 

Another method was to coil the sheets and load 
them upright on the racks. When this was done, 
some highly stressed sheets uncoiled during heat 
treatment, resulting in whiplash damage and subse- 
quent warpage, or metal-to-metal contact that 
caused weak spots. If the coils were tied or clamped, 
again there was metal-to-metal contact as the coil 
was compressed; uniform heat transfer was im- 
peded, proper flow of quench water was interrupted, 
and lowered mechanical properties and warpage 
frequently resulted. 


Spacer spring method 

A new method had to be found to restrain the 
coiled sheets and, at the same time, prevent metal- 
to-metal contact. Specially developed spacer 
springs made of H-11 die steel were devised and 
inserted at top and bottom of a coiled sheet. The 
springs are first stretched to facilitate coil place- 
ment; then tension is released to fix the coil firmly 
in position. 

The best spring size for handling the aluminium 
sheets was found to be 8 in. long and | in. o.d. of 
0-063-in. wire. Extensive testing in production 
furnaces proved that the springs retained their 
tension through hundreds of heat-treatment cycles. 
The new technique proved to be satisfactory in all 
respects—ease of application, economical handling 
and reliability. 
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New ultra high-strength steels 


concluded from facing page 


Fig. 1 shows a comparison of the tempering 
characteristics of the HST steels, and fig. 2 illus- 
trates the elevated temperature tensile properties 
in the range 20-600°C. It will be seen that, at the 
preferred tempering treatment of 600°C., tensile 
strengths of 98, 115 and 137 tons/sq. in. respec- 
tively have been obtained at room temperature, 
combined with remarkably good ductility figures. 
Sull higher tensile properties can be obtained, of 
course, by small adjustments to the tempering 
treatment. HST 140 has shown a 13°,, elongation 
and a 41°., reduction of area at a strength level of 
137 tons sq. in., and it is felt that these are fairly 
typical figures. 

The HST steels can be produced in the form of 
billets, blooms and slabs for forging and re-rolling, 
and in bars for forging or machining. Bars can be 
supplied either in the annealed or fully hardened 
and tempered conditions. Experiments are taking 
place to produce sheets down to 0-064 in. thick in 
all three qualities, but these are not yet generally 
available. 

Applications for the HST steels are expected to 
be found in the aircraft and rocket industries, 
although HST 140 could probably be used to 
advantage as a hot-die steel. 
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New ultra high-strength steels 


A NEW SERIES of ultra high-strength steels for use 
at high temperatures has been developed by Samuel 
Fox & Co. Ltd., a subsidiary of the United Steel 
Companies Ltd. 

The steels have been designed to give tensile 
strengths of between 100 and 140 tons/sq. in. after 
tempering at up to 600°C. In addition to per- 
mitting higher operating temperatures to be con- 
sidered in design compared with steels which are 
currently being specified for these strength levels, 
the high tempering temperature will yield maximum 
stress relief and therefore greater dimensional 
stability. 

There are at present three steels in the new 
series, of which the first is a commercial alloy 
already in production. This steel is well known to 
give 100 tons tensile strength in the air-hardened 
and tempered condition. Formerly described as 
Fox 769, it has now been renamed HST 100. 

The two entirely new steels in the series have 
been obtained by small compositional changes in 
the basic HST 100 analysis, but there is no in- 
crease in the carbon content while use has been 
made of a combination of solution hardening and 
improved tempering resistance. The steels are 
known as HST 120 and HST 140, and have tensile 
strengths of 120 and 140 tons sq. in. respectively, 
at room temperature. It has been possible to 
reduce the carbon content of HST 120 to 0-30”. 
Both these steels can be hardened in either air or 
in oil, depending on mass, and all three in the 
series have silicon contents below 0-40°,,. 
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It IS ANNOUNCED that Mr. W. E. Duckworth, m.A 
CANTAB.), A.1.M., has been appointed as head of the 
Metallurgy (General) Division of the British Iron and 
Steel Research Association 
Mr. Duckwort! » graduate of Queens’ College 
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Another method was to coil the sheets and load 
them upright on the racks. When this was done, 
some highly stressed sheets uncoiled during heat 
treatment, resulting in whiplash damage and subse 
quent warpage, or metal-to-metal contact that 
caused weak spots. If the coils were tied or clamped, 
again there was metal-to-metal contact as the coil 
was compressed; uniform heat transfer was im 
peded, proper flow of quench water was interrupted, 
and lowered mechanical properties and warpage 
frequently resulted. 


Spacer spring method 

A new method had to be found to restrain the 
coiled sheets and, at the same time, prevent metal 
to-metal contact. Specially developed spacer 
springs made of H-11 die steel were devised and 
inserted at top and bottom of a coiled sheet. The 
springs are first stretched to facilitate coil place 
ment; then tension is released to fix the coil firmly 
in position. 

he best spring size for handling the aluminium 

sheets was found to be 8 in. long and | in. o.d. of 
0:063-in. wire. Extensive testing in production 
furnaces proved that the springs retained their 


tension through hundreds of heat-treatment cycles. 
The new technique proved to be satisfactory in all 
—— of application, economical handling 
and reliability. 
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Fig. | shows « comparison of the tempering 
characteristics of the HST steels, and fig. 2 illus 
trates the clevated temperature tensile properties 
in the range 20-600 (¢ It will be seen that, at the 
preferred tempering treatment of 600 C., tensile 
strengths of 98, 115 and 137 tons sq. in. respec- 
tively have been obtained at room temperature, 
combined with remarkably good ductility figures. 
Still higher tensile properties can be obtained, of 
course, by small adjustments to the tempering 
treatment. HST 140 has shown a 13" ., clongation 
and a 41°,, reduction of area at a strength level of 
137 tons/sq. in., and it is felt that these are fairly 
typical figures. 

The HST steels can be produced in the form of 
billets, blooms and slabs for forging and re-rolling, 
and in bars for forging or machining. Bars can be 
supplied either in the annealed or fully hardened 
and tempered conditions. Experiments are taking 
place to produce sheets down to 0-064 in. thick in 
all three qualities, but these are not yet generally 
available. 

Applications for the HST steels are expected to 
be found in the aircraft and rocket industries, 
although HST 140 could probably be used to 
advantage as a hot-dic steel. 
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IT IS ANNOUNCED that Mr. W. E. Duckworth, M.A. 
(CANTAB.), A.1.M., has been appointed as head of the 
Metallurgy (General) Division of the British Iron and 
Steel Research Association. 

Mr. Duckworth is a graduate of Queens’ College, 
Cambridge, where he took Part II of the Natural Science 
Tripos in Metallurgy in 1945. In 1946 he joined the 
Nelson Research Laboratories of the English Electric 
Company to study metallurgical problems associated 
with heavy electrical switchgear. In 1947 he moved to 
British Insulated Callender’s Cables to work at their 
Prescot Laboratories where he specialized in corrosion 
and fatigue problems in cables and overhead electrical 
fittings. 

In 1949 he joined the Glacier Metal Co. as research 
investigator and in 1955 was appointed manager of a 
research department which included a chemical labora- 
tory, metallurgical and process control sections and an 
operational research section. He became manager of an 
operational research department in 1959. 

Mr. Duckworth has published papers on powder 
metallurgy, fatigue, wear of metals and on statistical and 
Operational research subjects. He also has a number of 
patents to his credit on electro-plating and sintering 
processes and on novel bearing materials. He has 
recently written a book for the practical manager in 
industry entitled ‘A Guide to Operational Research,’ 
which is due to be published early next year by Methuen. 

Professor G. Wesley Austin, 0.B.E., M.SC., F.1.M., will 
continue to act as consultant to the Division. 


Mr A. Stephens has rejoined Honeywell Controls 
Ltd. as senior flow engineer at the company’s Greenford 
(Middlesex) head office. Mr. Stephens’s extensive know- 
ledge of flow and other instrumentation includes two 
years with Humphreys and Glasgow Ltd. on the Chester- 
field underground gasification project, two years as 
instrumentation contracts engineer with Honeywell 
Controls Ltd., 15 months with George Kent Ltd., four 
years with Electroflow Meters Co. Ltd., and four years’ 
apprenticeship with the Ministry of Supply. 


Mr. R. W. H. Vivian has been appointed at the 
Greenford (Middlesex) head office of Honeywell Controls 
Ltd., to specialize on application engineering, using the 
company’s electric miniature instrumentation, which is 
being introduced this year in the United Kingdom. Mr. 
Vivian will shortly leave this country for a brief study of 
United States’ experience in this field. 


Richard Hill Ltd., of Middlesbrough, a member of the 
Firth Cleveland Group, has appointed Mr. John E. 
Lennard as general sales manager. 


Mr. T. H. Cook, B.SC.(ENG.), M.LE.E., has been 
appointed chief applications engineer of the Morgan 
Crucible Co. Ltd. Mr. Cook was previously Carbon 
Department technical sales promotion manager. He has 
travelled widely for Morgans, and will be attending the 
New Delhi meeting of the I.E.C. in November. 


The Board of Crpa (A.R.L.) LTD. has with regret accepted 
the resignation of Dr. N. A. de Bruyne from the position 
of managing director at the end of 1960. He will, how- 
ever, remain on the Board. 

On and after January 1, 1961, Mr. R. F. G. Lea, 
0.B.E., M.A., will become deputy chairman of the com- 
pany. Mr. R. F. G. Lea and Mr. D. A. Hubbard will 
also become joint managing directors. 
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Dr. N. A. de Bruyne 


Dr. de Bruyne, founder of the company, was educated 
at Lancing College and Cambridge University, where he 
was elected a Prize Fellow of Trinity College in 1928 for 
research work at the Cavendish Laboratory, Cambridge. 
His interests turned to engineering and in 1937 he was 
appointed Lecturer and University Demonstrator in 
Mechanical Sciences. After obtaining his pilot’s licence 
in 1929 his interest turned increasingly towards problems 
of aircraft structures, and he built and flew several 
machines. 

In 1934 Dr. de Bruyne built at Duxford a laboratory 
and aeroplane hangar with its own landing ground. 
This undertaking he financed from his own resources 
and established it as a limited liability company under the 
name Aero Research Ltd. Control of this company was 
acquired by CIBA Ltd., Basle, in 1947, Dr. de Bruyne 
remaining as managing director. The name was changed 
to CIBA (A.R.L.) Ltd. in 1958. 

Dr. de Bruyne’s resignation is the result of his wish 
to devote more time to research, especially to the develop- 
ment of scientific instruments. 


Mr. T. H. Kelsey, whose appointment as assistant 
general manager of the Witton Engineering Works of 
the General Electric Co. Ltd. was announced in October, 
1958, has now been appointed deputy general manager 
to Mr. J. J. Gracie, director of the company, and general 
manager of Witton Engineering Works. 


The following organizational changes in the Mond 
Nickel Co. Ltd. and its subsidiary company, Henry 
Wiggin & Co. Ltd., are announced:— 

Mr. G. Archer relinquishes his position as chairman 
of Mond and Wiggin and is appointed president of Mond 
and Wiggin. 

Mr. Ivon A. Bailey is appointed chairman and chief 
officer of Mond and Wiggin. 

Dr. L. B. Pfeil is appointed vice-chairman of Mond. 

Mr. J. O. Hitchcock is appointed managing director 
of Mond and deputy chairman of Wiggin. 

Mr. H. W. G. Hignett is appointed managing director 
of Wiggin. 

Dr. G. L. J. Bailey relinquishes his position as 
superintendent of Mond’s Development and Research 
Laboratory in Birmingham and will transfer to London 
to become manager of research. 

Mr. E. J. Bradbury succeeds Dr. Bailey as superin- 
tendent of Mond’s Development and Research Labora- 
tory in Birminghium. 
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Acquisition of J. J. Habershon & Sons 


FIRTH CLEVELAND Ltp. has acquired the whole of the 
issued share capital of J. J]. Habershon & Sons Ltd. from 
the Iron and Steel Holding and Realization Agency for 
the sum of £700,000. Firth Cleveland is also to pay 
£400,000 for a loan to that amount owed by Habershons 
to ISHRA, which has now been assigned to Firth Cleve- 
land Ltd. 

From small beginnings in 1950 Firth Cleveland Steel 
Strip Ltd. has grown so that it now makes about one-half 
of the tonnage of spring steel strip made in England 
today, other than razor and tape-measure steel; 70°, of 
the motor cars made in England today have Firth Cieve- 
land steel strip clutch plates, and all British cars have 
Firth Cleveland steel strip in them somewhere—in the 
form of springs and spring fastenings 

A recent market survey had shown that twice as much 
spring steel strip could be sold as Firth Cleveland was 
producing. Also the expansion of the motor car industry 
at home—including the projected production units on 
Merseyside and at Cardiff—was expected to further 
increase this demand. 

The acquisition of J. J. Habershon & Sons is part of 
the logical development of the activities of the Firth 
Cleveland Group. An important feature of Habershons 
is the Sendzimir Planetary hot mill which produces hot 
rolled strip. This mill will provide Firth Cleveland with 
supplies of raw material to supplement the qualities 
which are at present available, and will also produce hot 
rolled strip—notably valuable stainless strip for sale to 
re-rollers in this country and abroad. 


British school for Milan 

The lead which Britain has established in school building 
is being demonstrated at the Triennale Di Milano this 
month, where a single-storey school typical of those 
being erected under the Consortium of Local Authorities 
Special Programme has been selected as the British 
exhibit. 

The school, which has been selected as this country’s 
exhibit at Milan, will be a single-storey building capable 
of accommodating approximately 120 children. Architect 
for the project is Mr. W. D. Lacey, A.R.1.B.A., A.M.T.P.1., 


Tuxford Rural Secondary School, Notts., which incorpor- 
ates the pre; ibricated system 
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County Architect of Nottinghamshire, and the method of 
construction employed was originally designed in 1951-52 
by Brockhouse Steel Structures Ltd., of West Bromwich, 
in collaboration with the Ministry of Education. The 
system was subsequently modified in 1956, in order to 
render the system suitable for use on sites subject to 
mining subsidence. 

The method of construction to be used for the Milan 
Triennale is a prefabricated one based on the 3 ft. 4 in. 
horizontal module with a 2 ft. vertical module which is 
sub-divided into three for cladding components. The 
basis of the system is that a large percentage of the com- 
ponents used in any one building can be made in factories 
This ensures that the components can be delivered to 
site when required, and as they only have to be fixed 
together on site using a dry technique, the actual fixing 
is noi affected by weather conditions. The frame con- 
sists of light steel sections which are welded together to 
form lattice beams, stanchions, etc. 


NYLON IN THE DROP FORGE 

Nylon is now used almost universally for drop stamp belts. 
Combining very high tensile strength with outstanding shock 
strength, it is also highly resistant to abrasion and has 
excellent flex strength. A nylon drop stamp belt lasts 
somewhere in the region of three times as long as the old 
type of hair belt. The first fully comprehensive review of 
nylons industrial uses to be staged in Britain was held recently 
at Park Lane House, London. This first British Nylon 
Industrial Convention opened with a private dinner for 
leading members of the British textile industry, prominent 
industrialists and representatives of Government depart- 
ments. The guest speaker was Lord Mills 
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Textbook of metallurgy 


By A. R. Bailey. Second edition. Macmillan & Co. Ltd., 
London, 1960. £1 10s. 
UNTIL THE FIRST edition of Dr. Bailey’s ‘ Textbook of 
Metallurgy ’ appeared in 1954, British students and their 
teachers of metallurgy were in a quandary when searching 
for a suitable textbook in which they could find help and 
guidance. If the selection was confined to reasonably 
priced British books, the specialized monographs of 
Hume Rothery, the general textbooks of engineering 
metallurgy, e.g., Rollason, the out-of-date Desch or the 
tautologies of Carpenter and Robertson, were all that 
could be found. American textbooks were of a patchy 
quality and one can say without being chauvinistic that 
they were rarely suizable—the question of their use of 
F. instead of °C. and the quoting of strengths in Ib. /sq. in. 
were further points of disadvantages. 

Dr. Bailey’s book set out to provide ‘a modern and 
thorough introduction to physical and process metallurgy 
at universities and technical colleges,’ and appeared to 
succeed. It immediately became popular with lecturers 
and found its way on to the book lists of all establish- 
ments of metallurgical education. Now, six years later, 
a second edition has appeared with extensive revision of 
the sections dealing with crystallization, plastic deforma- 
tion, the dislocation theory, creep and powder metallurgy. 
Major additions include accounts of developments in the 
extraction of zinc, uranium, titanium and in iron and 
steelmaking processes. The reading lists at the end of 
each chapter and the number of equilibrium diagrams 
reproduced have been increased. Finally, an appendix 
based on the author’s monograph for the Institution of 
Metallurgists on the writing of metallurgical reports has 
been included. Changes in metallurgical theory and 
practice in recent years have received due recognition. 
In brief, we have the vade-mecum of the student who 
wishes to pass examinations and a detailed summary of 
the basis of modern metallurgical theory and practice. 

The book’s good points are: (a) It will help the con- 
scientious student; (6) it is well written and illustrated 
with line diagrams; and (c) at a price of 30s. metallurgists 
will endorse the claims of a member of the publisher’s 
family that they ‘ have never had it so good.’ — 

On the debit side it is felt that as the book is written 
for British metallurgists that the amount of space devoted 
to extraction metallurgy, approximately 40°, is over- 
generous when the references to topics, such as alloy 
steels welding, surface coatings, T-T-T curves, case 
hardening are either dismissed in a page or so or ignored. 
These chapters on extraction metallurgy are in them- 
selves excellent. They expound the modern physico- 
chemical approach of the theory of the subject followed 
by a concise account of modern practice. However, it is 
a pity that the method of treatment was not applied to 
subjects no less important than extraction processes and 
ore dressing. Unfortunately the empirical approach per- 
sists in several chapters; for example, a section dealing 
with fuels and refractories does not mention heat transfer. 
Throughout the approach is qualitative and descriptive 

ther than quantitative. 

"This pore arm will be valid or not according to whether 
one views the vast field of metallurgical activity from an 
examination hall of London University or from engineer- 
ing and metallurgical establishments of the Midlands. 
Even so, the general approach of this textbook reveals a 
defect in eur eaten Ciena cotioer an0 ould 
force all practising metallurgists to —are our young 
mere eed om being taught the right things in the right 
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way? One hears whispers that the examination sylla- 
buses of the Institution of Metallurgists are being dras- 
tically revised. Has this news reached ears of textbook 
authors? The planning of textbooks is an activity in 
which our professional institutions should take a lead. 
In short, let us congratulate Dr. Bailey on his inde- 
fatigable erudition and recommend that all students and 
works’ libraries—/faute de mieux—possess a copy. His 
book is undoubtedly the best that has come our way for 
many years. Perhaps when the syllabuses of metal- 
lurgical examinations allow, he will bring out an even 
better book. 
A. Hopxins 


British instruments 


Second edition. Published by the United Science Press 
Ltd. under authority of the Scientific Instrument Manu- 
facturers’ Association of Great Britain, SIMA House, 
20 Queen Anne Street, London, W.1. 1960. Pp. 330 
+ 305, illustrated. £2 5s. post free. 

THE DECISION BY SIMA, which represents 180 firms em- 
ploying some 40,000 persons, to open its pages to the whole 
British scientific instrument industry, irrespective of 
Association membership, has resulted in this book con- 
taining the most comprehensive list of British scientific 
instrument manufacturers and their products yet com- 
piled. 

This edition, which will be distributed as widely and 
as effectively as possible throughout the world, has 
expanded from a total of 615 to 635 pages. The classified 
list of instruments and components has been increased 
by 11 pages of text. The list of trade names indicates 
the large number of new instruments manufactured and 
developed in Britain during the past 12 months by being 
25°, longer than in the first edition. There has also 
been an increase of 12 pages in the section of manu- 
facturers’ reference sheets. 

There is again a section describing the associations 
allied to the instrument industry, a section listing British 
Standards Specifications for scientific instruments and 
components, an enlarged list of consultants, engineers 
and installers of instrumentation schemes, and a more 
than threefold increase of firms able to carry out develop- 
ment work and manufacture prototypes or small batches 
of instruments to a client’s order. The useful foreign 
glossaries in French, German and Spanish, to assist 
overseas users, appear again. 


Copper data 

Copper Development Association. 18th impression. 
FIRST PUBLISHED in 1935, the latest revised impression of 
this most popular and useful c.p.a. publication is now 
available. Previously produced in small pocket-book 
form, the size, typography and layout of ‘ Copper data’ 
have now been revised in conformation with the standard- 
ized format adopted for all the many other c.p.A. tech- 
nical publications. 

Throughout some 25 years of publication, ‘ Copper 
data,’ with its general but comprehensive information on 
the properties, treatments and working of copper, together 
with details of commercial grades and applications, has 
served as an introductory guide to engineers, tech- 
a students and all concerned with the use of this 
metal. 

As with all c.p.a. publications, ‘Copper data’ is 
available without charge from Copper Development 
Association, 55 South Audley Street, London, W.1. 











july, 1960 301 








metal treatment 
and Drop Fergiag 


Heat 
treating 
titanium 


G.W.B. furnace with charging machine in quenching position 


1.C.I. Lrp., using its own sodium reduction pro- 
cess, pioneered production of metallic titanium in 
Great Britain and has been manufacturing it on a 
commercial scale since 1955. Melting plant capa- 
city is now 2,000 tons a year, and ingots weighing 
1 ton and 2 tons are in regular production. I.C.I. 
Metals Division melts the raw metal and processes 
it into the wrought forms such as plate, sheet, 
strip, bar, sections, forging stock, tube and wire. 
The ore reduction takes place at Billingham and 
the melting at the Kynoch Works, Birmingham, 
whilst the Waunarlwydd Works at Swansea is the 
only plant built specifically for the rolling of 
titanium rod and sheet. 

Much new equipment is being brought into use 
as the use of titanium increases. One new instal- 
lation is an electric batch furnace for the treatment 
of titanium rod which was designed and built by 
G.W.B. Furnaces Ltd., of Dudley, Worcs. 

The G.W.B. furnace was designed for the 
annealing, hardening and tempering of titanium 
rod in lengths up to 12 ft. 6 in. from 0-4 in. to 
2:5 in. dia. With a rating of 150 kW. in two 
independent automatically controjled zones, the 
unit is employed for treatments within the tem- 
perature range of 800-1,150°C., varying according 
to the type of heat treatment and the charge 
characteristics. The equipment consists of the 
batch furnace itself, an overhanging charging 
machine, traversing on rails in front of the furnace, 
a quench tank, a set of loading/unloading tables 
and the necessary instrumentation and switchgear. 

The batch furnace is of the side charging type, 
specially designed to give maximum support to the 
charge, and allow speedy charging, discharging 


and quenching. Its effective dimensions are 
12 ft. 6 in. long by 3 ft. 6 in. wide by 6 in. 
charge height. The furnace casing is of sheet mild 
steel suitably braced with strong rolled sections. 
A robust understructure supports the furnace clear 
of the ground and substantial cross-bracings are 
fitted at both the top and bottom of the casing. 
High-grade refractory bricks, backed by a layer of 
semi-refractory insulation and a layer of insulating 
bricks, line the heating chamber throughout. The 
insulated hearth is fitted with a series of firebrick 
piers forming grooves for accommodating the arms 
of the charging machine. 

To provide the heating, nickel-chromium strip 
heating elements are arranged in the roof and 
hearth of the heating chamber. Those in the roof 
are supported by a special hook suspension method 
which provides maximum support and dissipation 
of heat. Hearth elements are accommodated on 
specially shaped refractory element supports located 
in the hearth itself. The furnace is designed for a 
maximum temperature of 1,150°C. The tempera- 
ture uniformity achieved in a charge covering the 
hearth at 1,000°C. was better than plus or minus 
10°C. The furnace is also suitable for use at 
700°C. with a maximum variation over the hearth 
not exceeding plus or minus 10°C. as measured by a 
grid of thermocouples attached to a test framework 
covering ‘the maximum charge limits on the hearth. 

Special attention was paid to the design of the 
furnace vestibule which is supported by an open 
channel girder at the front edge throughout the 
entire length, the girder being heavily gusseted 
and fixed to the main framework of the furnace 
casing. A heat-resisting material tee section is 
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suspended from the roof cross-bracings for sup- 
porting both the rear edge of the vestibule and the 
arch brickwork. A drop-type, cast-framed door, 
fully insulated and counterbalanced, is arranged to 
clamp over the furnace vestibule. The clamping 
device employed consists of a metal buffer bar 
running across the outer face of the door, and 
attached at either end to the furnace casing. The 
inner face of this buffer is fitted with wedge-shaped 
metal sections at intervals along its length which 
marry up with similar wedges fitted to the outer 
face of the door, when the latter is in the closed 
position. The door-driving gear consists of an 
electric motor transmitting through the necessary 
reduction and spur wheel gear to a mainshaft 
driving chains fitted to lugs on the door. 

To give a speedy quench, the quenching tank is 
situated immediately in front of the furnace just 
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below hearth level. It is a plain bosh-type tank 
measuring approximately 15 ft. 6in. long by 3 ft. 
wide by 2 ft. 6 in. deep. 

A charging machine, traversing on a set of rails, 
is constructed to move over a set of loading tables 
and the quench tank in order to insert the 
into the furnace hearth. A series of fixed hori- 
zontal arms, which support the charge, are arranged 
for insertion between the firebrick piers in the 
furnace hearth. When the charge, resting on the 
arms, is over the quench tank, ready for quenching, 
this portion of the machine is lowered. The 
vertical uprights to which the charging arms are 
attached are fitted with rollers riding against the 
fixed uprights of the machine structure. This 
vertical operation of the charge arm structure is 
effected by means of an electric motor through 
reduction gearing. 


Integral bulb-shaped forgings 


THe Bascock & Witcox Company, U.S.A., has 
built in the past more than 4,500 marine boilers for 
operation aboard all types of naval vessels, and is 
furnishing now for the U.S. Navy, forgings, lifter 
tanks, cylinders and —— for handling and 
launching carrier-based planes. 


The major portion of the more than $4-million 
contract covers 1,200 integral bulb-shaped forgings 
with yield-point strengths of up to 75,000 Ib. /sq. in. 
for the steam-catapult system itself. 


A manganese-molybdenum alloy steel was initially 
selected by metallurgical specialists at the company’s 
Work Control Laboratory, in Barberton, Ohio, for 
forgings requiring yield-point strengths up to 
60,000 Ib./sq. in. When the U.S. Navy increased its 
yield demand, however, the company itself de- 
veloped a special analysis of 21}°,, chrome alloy 
steel for the 2-in. wall hollow forgings which have 
an outside diameter of 21 in. 

The 36 high-pressure lifter tanks, utilized to 
operate the elevators in raising and lowering the 
planes between the hangar and flight decks, have 
diameters varying from 6-9 ft., with wall thicknesses 
approximating 3 in. Designed to operate at pres- 
sures up to 1,200 Ib. /sq. in., they are anchored to the 
structural framework of the carrier to accommodate 
the ship’s roll and pitch, and are thoroughly cleaned 
to prevent dirt from entering the hydraulic-lift 
system. 

The cylinders, with a 4-ft. diameter, are 23 ft. 
long, and are fitted with inside plungers. On the 
outer end of the plungers, attachments are made to 
the pulleys and cables which connect with the 


elevator platforms. All materials for the lifter 
tanks, cylinders and plungers are manganese- 
molybdenum steel of 80,000 Ib./sq. in. tensile 
strength in accordance with military specifications. 

The steam catapulting type launchers consist 
essentially of a parallel row of sections, each of 
which are 12 ft. long, and which are joined to form 
two cylinders approximately 200 ft. long. Steam 
from the ship’s boilers is used to force two abreast 
pistons the length of the cylinders. 

The pistons in each cylinder are tied by a yoke 
that engages the launching hook on the aeroplane. 
Steam is admitted to the cylinders, forcing the 
pistons the length of the track to reach the launching 
speeds of about 150 m.p.h. The slot in the launcher 
bulb through which the hook under the plane 
engages the piston is sealed by a locking strip 
resembling an enormous steel tape. 

For the original launching system, the yield points 
of the metals were 45,000 Ib./sq. in., more than 
adequate to mect existing boiler pressures. As 
planes increased in size, however, their weights 
could not be handled, thus dictating an increase 
either in size of the catapults or in steam pressure. 


Canadian orders for furnace equipment 


The Aluminium Co. of Canada have recently placed 
three large orders with Stordy Engineering Ltd., thermal 
and mechanical engineers, of Wolverhampton. 

The first is for two batch annealing furnaces and their 
ancillary equipment—total value £45,000—which is now 
en route to Kingston, Ontario. The other orders are for 
the Arvida Works for izing furnaces, loading 
bogies and bogie haulage gear. Value is £90,000 and 
shipment is planned to commence in July. 
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Precision cold extrusion 


Advantages and conditions of precision extrusion are 
discussed by Mr. R. A. Quadt, vice-president, Re- 
search and Development, Bridgeport Brass Co., 
Bridgeport, Conn., in Metal Progress, May, 1960. 
The following points are made by Mr. Quadt in 
his article 


WHEN WE SPEAK of cold extrusion we are specifying 
that the temperature at which the deformation of 
the metal billet takes place is substantially lower 
than the recrystallization temperature. With 
aluminium alloys, the extrusion temperature is 
usually ambient or only sufficiently above room 
temperature to ensure proper lubrication control. 
For all the other metals to be discussed, billet 
extrusion temperature ranges between 230 and 
540°C. depending upon the metal or alloy, the 
requirements of the lubricant, and the final con- 
figuration or tolerances desired. The final ex- 
trusions, therefore, exhibit the work-hardening 
characteristics of increased hardness and strength, 
reduced ductility, and a severely distorted crystal- 
lographic structure, depending upon the extrusion 
ratio. 

~ In addition to being below the recrystallization 
temperature, the extrusion temperature for the 
several reactive metals investigated is low enough 
that no protective cladding or coating is required 
to prevent metal-gas reactions during the entire 
operation. Surface reactions with hydrogen, car- 
bon, nitrogen and oxygen are avoided or greatly 
minimized. 

Other advantages resulting from the precision 
cold extrusion process relate to the close dimen- 
sional tolerances possible and the higher metal 
recoveries inherent as compared to hot extrusion. 
In cold-extruded tubular shapes dimensional 
tolerances in the range of +0-001 in. are quite 
feasible while inner diameter and outer diameter 
tolerances of +0-005 to +0-010 in. are typical. 
Concentricity is excellent and the minimum wall 
gauge can be specified. This results in weight 
reductions and lower costs, particularly in tubular 
shapes of tantalum, columbium, zirconium and 
other expensive metals. 


Lubrication 

One of the primary factors influencing the success 
or failure in precision cold extrusion technology is 
lubrication. All commercially available lubricants 
have been tried with varying degrees of success. It 


has been found necessary to develop an entirely 
separate lubrication technology concurrently with 
specific cold extrusion programmes. Different 
metals require specific lubricants developed or 
adapted to their unique chemical or metallurgical 
characteristics. Final lubricant techniques are 
further influenced by the requirements of the 
extrusion design. 

Work reported here has been performed on 
horizontal hydraulic presses ranging from 200- 
3,500 tons, specifically constructed for precision 
cold extrusion of difficult-to-work metals. The 
maximum ram deviation from the punch axis is 
0-002 in. on power strokes up to 108 in. Ram 
speeds available are quite nominal; they are 
controlled for any advance rate up to 180 in./min. 

There is practically no impact, and most cold 
extrusions are produced by a reasonably slow 
squeeze not unlike a typical hot extrusion operation. 
On the largest press, heat treatable aluminium 
alloys of high strength have been cold extruded in 
some tubular shapes up to 45 ft. long and in other 
closed-end tubes up to 20 in. in diameter. 


Aluminium alloys 

Development work was originally concentrated 
on cold extrusion of the heat-treatable aluminium 
alloys containing copper, magnesium and silicon. 
When extruded and heat treated, these alloys had 
typical yield strengths of 60,000 lb. sq. in. Some 
time later the emphasis was placed upon the more 
complex aluminium alloys containing zinc, mag- 
nesium and copper. Typical yield strengths of these 
alloys ranged from 70,000-85,000 Ib. ‘sq. in. 

These complex alloys appeared to offer less cold 
extrusion difficulty than those which were softer 
and not heat treated. 

Of interest is the fine, relatively equiaxed re- 
crystallized grain structure typical of cold extru- 
sions. Since many tubes are predominantly pres- 
sure vessels, the circumferential properties are as 
important as those in the longitudinal direction. It 
has become possible to guarantee the same proper- 
ties in the transverse direction as in the longi- 
tudinal, even in the sensitive alloys of the alumi- 
nium-rich zinc-magnesium-copper series. 

The surface finish of these cold, extrusions is 
excellent and generally falls within 30-100 in., with 
70 being typical. Because precise tolerances are 
maintained in the as-extruded condition, the dee | 
machining operations required are drilling, thread 
ing, slotting, trimming to length, and other minor 
metal-removing operations. It is never necessary 








EN 


Ot ott water enc. 
afd wy Se 


Se 


ee a aban 


— 


By dcp x3 Sewute 2 





metal treatment 
and Drop Forging 


to remove metal by boring or turning because out- 
side and inside diameters are produced to tolerances 
within normal machining standards and eccentricity 
is negligible. 


Reactive metals 

Three grades of zirconium-base alloys have been 
precision cold extruded in large quantities. These 
include pure reactor-grade commercial zirconium 
containing hafnium, and Zircaloy (reactor-grade 
zirconium with controlled amounts of tin). Most 
of the precision shapes have been produced for 
moderator structures in nuclear reactors, nuclear 
fuel element cladding, and pressure vessels in 
nuclear reactors. A range of sizes has been produced 
including many unusual shapes, both hollow and 
solid. An important advantage of cold extruding 
zirconium is that up to 85°, of the billet weight is 
recovered in the final shape. Costs are lower too, 
because cladding to prevent surface contamination 
during working is not necessary. Typical extrusion 
reductions are in the range of 80°,,,. 


Large steel parts extruded 

Although cold extrusion of steel has been re- 
ported during the past few years, most of it has 
been limited to relatively small parts. However, 
our experience has shown that even large pieces 
can be cold extruded. One example is in produc- 
tion of tubular booster sections for rocket motors 
which are cold extruded from 4130 steel. These 
tubes are about 5 in. diam., 44 in. long, and are 
extruded with external ribs and have a wall 
thickness of about 0-160 in. 

Unalloyed titanium of several purity levels has 
been successfully cold extruded to tube blanks. No 
unusual problems were encountered and very 
satisfactory tube stock was produced. These ex- 
trusions were used as blanks for further reduction 
to thin-walled tubes of small diameter for condenser 
and heat exchanger applications. When reduced to 
final size, tubes are typically } in. 0.d., 0-025 in. 
wall thickness, and 20 ft. long. The advantages of 
using the cold extrusion process were, again, im- 
proved recovery of expensive metal, excellent 
surface and metallurgical structure, and superior 
concentricity. 

Development work on commercial titanium 
alloys has been unsuccessful because the tool loads 
during cold extrusion have been excessive and have 
resulted in tool breakage. Additional work is 
planned for the hard alloys. 

Molybdenum tube blanks from both arc-cast 
and sintered slugs have been cold extruded at 
about 430°C. Newer alloys of molybdenum have 
yet to be successfully cold extruded. Here again, 
tool loads have proved excessive. 

Nominal quantities of unalloyed tubes have been 
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WEAPONS RESEARCH ESTABLISHMENT 


ELECTROMETALLURGY AND 
ELECTROFINISHING 


The Department of Supply invite applications 
for the following vacancy at the Weapons Re- 
search Establishment, Salisbury, South Aus- 
tralia: 


ENGINEER, GRADE 3 
(Permanent Position) 


SALARY: £1,730/£1,950 (Aust. currency). 


DUTIES (Post No. 100): Control a wide variety 
of electro metallurgical processes and organise 
production in the section and/or investigate 
and develop electro finishing processes and 
techniques for use in the section. 


QUALIFICATIONS: Degree in Metallurgy or 
Chemistry or other qualifications which would 
satisfy for admission to corporate membership 
of the appropriate professional Institute. 


CONDITIONS: Under specified conditions, 
first-class air/sea transport for the appointee 
and dependants (wife and dependent children) 
will be provided by the Commonwealth. 
Assistance wili be given in obtaining housing 
accommodation. 

APPLICATIONS: Forms obtainable from the 
Senior Representative (AV 66/5), Department 
of Supply, Australia House, Strand, London, 
W.C.2, with whom completed applications 
should be lodged by July 29, 1960. 











produced with cold extrusion reductions up to 75”. 

Recent developments in nuclear power-plant 
technology have created a substantial need for thin- 
walled tubes of niobium and tantalum. These 
metals work very readily by normal cold tube- 
reducing and drawing processes. One difficulty, 
however, has been to obtain tube blanks of reason- 
able cost. Cold extrusion has proved to be the 
answer to this problem. Extremely coarse-grained 
cast slugs melted in electron beam furnaces have 
been successfully extruded with excellent surface 
finish and fine-grained structures. 

Quite recently tube blanks of vanadium and 
beryllium have been cold extruded. The beryllium 
slugs were sintered powder compacts. They ex- 
truded well into precision tubes with excellent 
surfaces and mechanical properties. 

Tube blanks from pure vanadium have also been 
cold extruded from cast and forged slugs, When 
annealed, the blanks can be drawn into thin-walled 
tubes. 
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Classified Advertisements 


FIFTEEN WORDS 7:. 6d. (minimum charge) and 4d. per word 
thereafter. Box number 2s. 6d. including postage of replies. Situations 
Wanted 2d. per word. 


Replies addressed to Box Numbers are to be sent, clearly 
marked, to Metal Treatment and 2 Forging, John Adam 
House, John Adam Street, London, W.C.2. 


SITUATIONS VACANT 


SENIOR ASSISTANT (SCIENTIFIC), Department of Scientific a ar 
and Industrial Research. Pensionable post at National 


Engineering Laboratory, East Kilbride, Glasgow, for 
man or woman at least 30 on June 1, 1960, to control COLLOIDAL GRAPHITE 
mall Heat-Treatment Shop. Qualifications: School 
Certificate with credit in English and a cdienae ubien, PROV ES ITS WORTH 
or an equivalent (or higher) qualification. Candidates 


- . In one recent case where a customer 
who have satisfactorily completed second year (S2) of 


was using a well-known brand of 


O.N.C. may apply. Practical knowledge, and at least colloidal graphite in water, and had 

two years recent experience of heat-treatment operations, been doing so for many years, trials 

including salt bath and controlled atmosphere, essential. with our famous “Grad” colloidal 

Men’s salary scale £755— £1,010. Housing available graphite in water proved so successful 

for married staff. Write Civil Service Commission, that die life was nearly trebled. 

17 North Audley Street, London, W.1, for application 

form quoting $/5168/60. Closing date August 11, 1960. The customer immediately changed over to using 
“Grad” and the overall production of this particu- 

MACHINERY WANTED rod —_ a ~e is a precision forging, was — 

jou ‘ e saving in cost is enormous!——and it’s 

REQUIRED URGENTLY: Secondhand high-frequency gene- CLEANER TO USE” 


rator for about 3 kc. su. and driven by a 400-kW. motor 
380-660 V.). Offers to Box SE 132, METAL TREATMENT GRAPHOIDAL DEVELOPMENTS LTD. 
pesmatibcesce ion nee : CONSULTING LUBRICATION ENGINEERS 
REQUIRED URGENTLY. Secondhand Massey, preferred CLUBGARDENS WALK, SHEFFIELD, I! 
drop hammer—10 cwt. capacity, also trimming press. Telephone: Sheffield 27385 

Box RE 131, METAL TREATMENT AND DROP FORGING. 





FRANKLIN FURNACES 


There's big savings in terms of dependability 

and easy maintenance when Franklin are called 
in on that furnace installation. Long experience 
in the supply of standard, and the design of 
special furnaces mean the snags are quickly 
ironed out. Furnaces fired by ‘Dine’ Burners 
give easy maintenance and fuel economy, that’s 
why more and more well-known Companies are 
now counted as customers. 

Our team of experts would welcome the chance 
to look into your furnace problems. 





A section of a Special Gas fired . 
hie ™ Mould Heating furnace at Deritend f A ie 
Precision Casting Lid. fox oe 
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FRANKLIN 


FRANKLIN FURNACE CO. LTD., BAKER STREET, SPARKHILL, BIRMINGHAM 11, ENGLAND 





MANUFACTURERS OF INDUSTRIAL 
FURNACES AND OIL BURNING 
EQUIPMENT FOR ALL PURPOSES 
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CALMET 


Heat-resisting alloy steel Castings 


oxidation resistance combined with 
load strength at high temperature 





Write for publications.No. {301 /1 CALORIZING, No. 1638 CALMET to 
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Cut your finishing costs on 
DIE SINKING & FETTLING 

By using the British made 
BRIGGS - AJAX 

Range of 
AIR GRINDERS 


which have achieved an enviable reputation for 
reliability since their introduction 21 yrs. ago. 


AJAX JUNIOR, |00,000 r.p.m. for Stones 
#" to 3” dia. 

AJAX MK. Ill, 50,000 r.p.m. for Stones 
” to 3” dia. 

BRIGGS MK. Il, 28,000 r.p.m. for Stones 
4” to |” dia. (deep reach) 

BRIGGS MK. V, |0,000 r.p.m. for Stones 
1}” to 2” dia. 

Literature on request from Manufacturers 

BRIGGS BROS. (ENGINEERS) LTD. 

206 EDWARD ROAD, BIRMINGHAM, 12 
Telephone: CALthorpe 2995 








THE GALORIZING CORPORATION OF GREAT BRITAIN LTD 


Lynton House, 7/12 Tavistock Square, London, W.C.1. Telephone: EUSton 432/ 
WORKS: RENFREW AND DUMBARTON 
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ABBEY HEAT 
TREATMENTS LTD. 


Plaza Works, High St., Merton, S.W.19 
° 
Specialized Heat Treatment 
in our NEW Capacity Furnace 
with non-oxidizing atmosphcre 
e 
SPECIALLY DESIGNED for the heat 
treatment of high temperature alloy 
materials up to 1,300°C. 
© 


Enquiries will be dealt with personally by our 
Technical Staff - Ring CHERRYWOOD 2291/2 


AAD. DAARM. LEME. & A.R.B. Approved 
































THOMAS ANDREWS 


AND COMPANY LIMITED 
High-Grade Stee! Makers 


" ” ( HIGH SPEED STEELS 
MONARCH ) HOT & COLD DIE STEELS 
{ TOOL HOLDER BITS 
“HARDENITE” ( CARBON & ALLOY TOOL 
) STEELS forALL PURPOSES 

“HELVE™ 


ROYOS 
HARDENITE 
ATTERCLIFFE 











( CARBON TOOL STEEL fo: 
’ CHISELS, PUNCHES, &c. 


WORKS 
STEEL 
ROAD, 


ANDO 
WORKS 
SHEFFIELD, 4 


Export Department 
THE HARDENITE STEEL COMPANY LIMITED 


Telephone 
Sheffield 22/3! 


Telegrams 
Shafting, Sheffield. 4 
































Suitable for Aluminium Billet 
and Slab Heating, tempering of 
still products and other 
processes up to 650°C. 


TO) ANON 


CONVECTION HEATED 
CHAIN CONVEYOR 
FURNACES 


ae Va tol Oe ae On BD 66 








pT nS 








metal treatment 32 july, 1960 
and Drop Forging 


STAINLESS STEEL ABRASIVE RESISTING 
HEAT RESISTING HEAT & ABRASIVE RESISTING 
CYANIDING POTS HIGH SPEED TOOL, DIE 
CASE HARDENING BOXES & SPECIAL ALLOY STEELS 
CAST IRON. BRASS, GUN METAL also STAINLESS STEEL ROAD 


PHOSPHOR BRONZE, ALUMINIUM etc. LINES, STUDS & SIGNS 





HIGHLY ALLOYED STEEL 
CASTINGS 


‘JOFO" castings are available in 
a wide range of qualities 


From a few ozs up to 10 cwts each 


M.O.S. approved inspection facilities instalied 
Routine X-ray control 


A ohnton Leslee 
Regd. Office 
BROADFIELD RD., SHEFFIELD 8 
Telephones: 524314 
Office and Works Entrance 
AIZLEWOOD RD., SHEFFIELD 8 
Foundry : Aizlewood Road, Sheffield 
Machine Shops: Broadfield Rood, Sheffie'd 
London Office : Central House, 
Upper Woburn Place, W.C.! 
(EUSton 4086) 

Glasgow Office : 93 Hope Street, C 
(Central 8342/5) 
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NEWALL BRANDED BOLTS 


Newall Hitensile ... Newalloy... Newallastic ... Newall Hi-tem 


are recognised by engineers as having unique qualities. We 

shall be happy to supply any engineer designer who is interes- 

| ted with details of the various bolts and studs, which cover the 
full range of modern requirements. 


A PNEWALL& COLD. cisici: 





Aluminium Slab Heating Furnaces 


This illustration is of a Producer Gas Fired Recirculating 
Type Continuous Block Reheating Furnace for aluminium and 
alloy slabs prior to rolling. Designed to give an output up to 
8 tons per hour according to slab size. Auxiliary items include 
electro-hydraulic pusher and special discharging machine. In- 
stalled at the Falkirk Works of the British Aluminium Co. Lid. 
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